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FOREWOl^ 


In  conducting  the  research  described  in  this  Report 
the  investigator  adhered  to  the  principles  set  forth  in  the 
Guide  For  Care  And  Use  Of  Laboratory  Animals  as  promulgated 
by  the  Committee  on  Revision  of  the  Guide  For  Laboratory 
Animal  Facilities  And  Care  of  the  Institute  for  Laboratory 
Animal  Resources,  National  Research  Council  - National 
Academy  of  Sciences. 
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ABST1'^\CT 

Investigations  undertaken  during  this  Report  period 
included:  I.  Searches  for  blood schi zont icidal drugs  effective 
against  multidrug-resistant  (especially  chloroquine-resi stant) 
strains  of  Plasmodium  falciparum  - pursued  in  owl  monkeys  in- 
fected with  trophozoites  of  these  strains.  II.  Searches  for 
ti ssue  schi zonti cidal  drugs  more  ef f ecti ve  and  better  tolerated 
than  primaquine,  and  for  companion  drugs  that  would  enhance  the 
activities  of  primaquine  without  increasing  toxicity  - pursued 
in  rhesus  monkeys  infected  with  sporozoites  of  P.  cynomolqi. 
TIT.  Studies  on  IND  preparations  of  new  agents,  essential  to 
use  in  human  volunteers.  IV.  Miscellaneous  studies  on  absorp- 
tion and  toxicities  of  promising  new  compounds. 

The  search  for  new  blood  schizonticides  uncovered 
two  Mannich  bases  highly  active  against  infections  with  multi- 
drug-resistant strains.  The  search  for  tissue  schizonticides 
uncovered  twelve  8-aminoquinolines  as  active  or  more  active 
than  primaquine.  A 7-chlorolincomycin  derivative  capable  of 
enhancing  the  prophylactic  and  radical  curative  activities  of 
primaquine  was  identified.  Studies  on  the  IND  preparation  of 
WR-184.  806.  a 4-quinolinemethanol,  were  completed  and  reported; 
studies  on  the  IND  preparation  of  WR-181, 023  are  well  underway. 
Absorption  of  the  blood  schizonticides  WR-30,  090  and  WR-158,  122 
was  investigated.  WR-211,  536  and  WR-211,  537  (theD  and  L forms 
of  primaquine),  WR-211,  532,  and  WR-211,  533  were  evaluated  for 
subacute  toxicity  in  the  rhesus  monkey. 
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I NTRODUCTORY  COGENT 


From  September  1967  when  tills  Project  was  established 
to  the  present,  its  activities  have  been  tiqhtly  focused  on 
the  initial  and  evolving  missions  of  the  Malaria  Chemotherapy 
Program  of  the  Department  of  the  Army.  This  focus  has  been 
implemented  through  development,  standardization,  and  appli- 
cation of  two  new  non-human  primate  - human  plasmodium  models 
and  reactivation  and  application  of  a non-human  primate  - simian 
plasmodium  model  employed  intensively  in  the  post-World  War  II 
search  for  generally  useful  curative  antimalarial  drugs.  The 
two  new  models  employed  the  owl  monkey  (Aotus  trivirgatus)  as 
the  experimental  animal.  One  involved  infections  with  tropho- 
zoites of  various  strains  of  P^.  falciparum  (seven  in  all)  of 
diverse  levels  of  drug  susceptibility  and  resistance.  The 
second  dealt  with  infections  with  trophozoites  of  the  much 
used  drug-susceptible  New  Guinea  Chesson  strain  of  P.  vivax 
and  the  pyrimethamine-resistant  Vietnam  Palo  Alto  strain  of 
this  plasmodium.  The  " reactivated"  model  utilized  the  rhesus 
monkey  (Macaca  mulatta)  as  the  experimental  animal  and  dealt 
with  infections  wi  th  sporozoites  of  the  B strain  of  P^.  cynomolgi. 

The  first  of  the  above  models  supported  and  continues 
to  support  pursuit  of  the  original  and  primary  mission  of  the 
Malaria  Chemotherapy  Program,  development  of  new  drugs  fully 
effective  at  well-tolerated  doses  against  infections  with 
chloroquine-resistant  and  other  drug-resistant  strains  of 
£.  falciparum.  The  second  model  served  to  insure  that  such 
agents  as  were  active  against  infections  with  the  malignant 
tertian  parasite  would  also  control  the  blood  phases  of  infec- 
tions with  vivax.  The  third  model  supported  the  second 
major  goal  of  the  Malaria  Program,  development  of  new  drugs 
more  effective,  better  tolerated,  and  more  easily  administered 
than  primaquine  for  prophyla.xis  and  radical  cure  of  infections 
with  P.  vivax.  The  problems  that  had  to  be  surmounted  in 
developing  these  models  to  positions  of  reliability  and 
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utility,  the  major  operational  features  of  the  models,  and 
the  mission-related  accompl i sliments  that  can  bo  credited  to 
their  application  up  through  the  1973-1971  contract  year  have 
been  detailed  in  previous  Annual  Progress  Reports,  or  in  pub- 
lished reports,  and  will  not  be  dealt  witli  here.  This  Report 
will  be  limited  to  studies  pursued  since  April  30,  1971. 

GENERAL  SUMMARY 


I.  THE  SEARCH  FOR  IMPROVED  BLOOD  SCHIZONTICIDES 

There  has  been  a marked  decrease  in  the  use  of  the 
_P.  falciparum  / P.  vivax  - owl  monkey  models  during  the  past 
contract  year,  continuing  a trend  which  had  its  beginnings 
in  1972.  This  change  rested  in  part  on  the  positive  accom- 
plisliments  of  preceding  years,  during  which  at  least  eight 
new  agents  were  uncovered,  anyone  of  which  promised  to  sat- 
isfy the  original  goal  of  the  Malaria  Chemotherapy  Program, 
development  of  a drug  fully  effective  against  infections 
with  multidrug-resistant  strains  of  P.  falciparum  and  equally 
active  against  infections  with  _P.  vivax*.  The  downward  trend 
in  use  of  these  models  also  reflected  the  decreased  produc- 
tivity of  the  primary  rodent  screen  (infections  with  P^.  berghei 
in  the  mouse)  which  in  recent  years  has  uncovered  relatively 
few  active  agents  with  novel  structures  or  congeners  of  older 
compounds  endowed  with  greater  activity  and  tolerability  than 
derivatives  already  evaluated.  Finally,  the  trend  to  reduced 
use  of  owl  monkey  - human  plasmodium  models  was  an  enforced 
conservation  measure  imposed  by  restrictions  on  exports  of 
these  primates  from  Colombia. 


★ 

These  agents  included:  the  phenanthrenemethanols, 

WR-33,  063.  WR-122,  455,  and  WR-171,6(i9;  the  quinolinemethanols, 
WR-30,  090,  WR-142,  490,  and  WR-184,R0b;  the  pyridinemethanol, 
WR-180,  409;  and  the  2,  4-diamino-6-sulfur  substituted  quinazo- 
line,  WR-158,  122. 
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Al though  only  four  now  compounds  were  presented  for 
evaluation  against  infections  with  falciparum  and  P;.  vi vax 
in  the  ov/1  monkey,  there  was  a sizeable  use  of  these  models. 
Both  were  employed  systematically  to  provide  supporting  data 
for  Investigative  New  Drug  (IND)  applications,  and  to  help 
solve  dosage  regimen  and  formulation  problems  pertinent  to 
most  effective  administration  of  new  compounds  to  man. 


Of  the  four  new  agents  evaluated  against  falciparum 
infections,  one,  WR-177,  603,  was  the  threo-epimer  of  WR-142,  490 
(mefloquine),  the  most  active  of  the  4-quinolinemethanols  stud- 
ied to  date.  This  evaluation,  carried  out  in  monkeys  infected 
with  the  multidrug-resistant  Smith  strain,  showed  that  WR-177,  602 
was  essentially  identical  to  WR-142,  490  in  activity  and  toler- 
ability. In  view  of  the  advanced  status  of  the  clinical  appli- 
cation of  the  latter  compound,  WR-177,  602  could  be  considered 
as  a competitor  only  if  it  promised  to  be  significantly  less 
expensive  to  prepare  or  better  tolerated. 


The  second  of  the  compounds  examined  was  the 
4 -pyridinemethanol,  WR-182,  231,  an  analog  of  WR-180,  409. 
WR-182,  231  differed  from  the  latter  agent  with  respect  to 
side  chain  configuration,  bearing  a di-N-butylaminoethy 1 sub- 
stituent on  the  4-carbinol  in  place  of  a 2-piperidyl  group. 
This  change  in  structure  affected  activity  adversely, 

WR-182,  231  exhibiting  only  one-fourth  the  activity  of 
WR-180,  409  against  infections  with  the  Smith  strain. 

The  remaining  two  new  agents  were  the  benzoxazine, 
WR-204,  165,  and  its  open-ring  relative  (a  substituted  phenol), 
WR-194,  965.  These  compounds  had  essentially  identical  activ- 
ity against  infections  with  the  Smith  strain  of  £.  falciparum. 
Compared  dose- for-dose,  their  capacities  to  cure  such  infec- 
tions were  essentially  identical  with  that  of  WR-142,  190,  the 
4-quinolinemethanol  referred  to  above.  Unless  there  are  tox- 
icologic contraindications,  not  exhibited  in  the  owl  monkey, 
WR-194, 965  or  WR-204, 165  merits  consideration  for  study  in 
human  volunteers. 
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F’our  special  i nvest  iqat  i ons,  each  fairly  extensive, 
were  pursuoit  with  compoun  is  oxami ned  in  earlier  years.  One  of 
these  studies  was  aimed  at  determining  whether  the  therapeutic 
activity  of  WR-158, lid,  a 1,  l-diamino-t -sulfur  substituted 
quinazoline,  could  be  enhanced  by  concomitant  administration 
with  WR-180,871,  a dihydroquinazoline.  Marked  synergism  had 
been  observed  in  mice  infected  with  a pyrimethamine-resistant 
strain  of  jP.  berghei.  The  results  of  the  studies  pursued  in 
monkeys  infected  with  the  pyrimethamine-resistant  Palo  Alto 
strain  of  vi vax  showed  that  concomitant  delivery  of 
WR-180,871  added  nothing  to  the  activity  of  WR-158,  122.  This 
negative  result  contrasted  sharply  with  the  eight  to  sixteen- 
fold enhancement  achieved  by  administering  very  small  doses 
of  sulfadiazine  {5.0  mg  per  kg  body  weight)  in  combination 
with  the  above  quinazoline. 

The  second  of  the  special  studies  dealt  with  proce- 
dures for  enhancing  the  therapeutic  efficiency  of  the  lincomycin 
derivative,  WR-203,661  ( formerly  designated  U-24.7  29A).  Earlier 
investigations  showed  that  this  compound  was  highly  effective 
in  curing  experimental  infections  with  either  chloroquine-sus- 
ceptible  or  chloroquine-resistant  strains  of  falciparum  and 
that  its  activity  was  not  compromised  by  pyrimethamine  resis- 
tance. It  was  also  markedly  superior  in  activity  to  clinda- 
mycin. Elowever,  like  the  various  tetracyclines,  WR-203,t')61 
effects  clearance  of  parasitemia  slowly.  In  an  effort  to 
eliminate  this  deficiency,  a study  was  undertaken  of  the  im- 
pacts of  loading  doses  on  the  rate  of  clearance  of  parasitemia 
in  monkeys  infected  with  the  Vietnam  Smith  strain.  The  results 
showed  that  this  approach  was  not  beneficial;  in  fact,  at  tho 
same  total  dose,  seven  fractional  daily  doses  of  WR-203,6t>l 
effected  parasite  clearance  more  rapidly  and  consistently  tlian 
a loading  dose  equivalent  to  half  of  the  seven-day  total  on  Day  1 
followed  by  equal  fractions  of  the  remainder  of  the  total  dose 
on  Days  2 tli»'ough  7. 
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Tile  third  special  study  was  coiicornod  witli  the 
comparative  activities  of  two  dosaijo  formulations  of  the 
quinolincmethanol,  WR-30,  090.  This  comfjound,  originally 
prepared  as  the  hydrochloride  salt,  oxdiibitcd  sufficient  ac- 
tivity in  human  volunteers  infected  with  chloroquine-resistant 
strains  of  P.  fa Iciparum  to  warrant  a small  scale  trial  in 
Vietnam  in  military  personnel  infected  with  multidrug-resis- 
tant strains.  Overall,  WR-30,  090  was  remarkably  effective 
in  this  evaluation.  However,  there  were  some  patient  - to  - 
patient  irregularities  in  rate  of  response  which  were  attri- 
buted to  poor  absorption  resulting  from  limited  water  solu- 
bility. These  irregularities  were  relieved  in  part,  but  not 
completely,  by  increasing  the  dose.  In  an  effort  to  obtain 
a more  uniform  relation  between  dose  and  response,  systematic 
attempts  were  made  to  improve  solubility  and  absorption  from 
the  gastrointestinal  tract.  A major  accompli shm.ent  in  this 
direction  was  made  by  investigators  ar  INTERx  Research  Corpo- 
ration, who  found  that  WR-30,  090  base  was  soluble  up  to  20 
per  cent  in  oleic  acid,  and  that  when  such  solutions  were 
administered  orally  to  the  beagle  dog,  the  concentrations  of 
WR-30,  090  in  the  plasma  were  eightfold  greater  than  those 
attained  when  comparable  doses  of  the  hydrochloride  salt  were 
delivered.  As  an  essential  preliminary  to  clinical  use  of 
WR-30, 090  dissolved  in  oleic  acid,  therapeutic  efficiencies 
of  this  preparation  and  that  of  WR-30,  090  hydrochloride  were 
compared  in  owl  monkeys  infected  with  the  Smith  strain  of 
P.  falciparum.  The  results  showed  that  the  hydrochloride 
salt  was  at  least  twice  and  perhaps  four  times  as  active  as 
the  oleic  acid  solution. 

This  unexpected  result,  the  opposite  of  that  antic- 
ipated, led  to  a collaborative  study  with  the  INTERx  R<^search 
Corporation  with  the  objective  of  measuring  the  levels  of 
WR-30. 090  achieved  in  plasma  when  oleic  acid  solutions  of 
the  base  and  aqueous  slurries  of  tlie  liydroch loride  salt  wore 


r 


SOUTHFPN  res:  ARCH  1NSTITUTF 


-6- 


administered  to  normal  uninfected  owl  monkeys  and  rhesus  monkeys. 
As  planned  originally,  ten  owl  monkeys  and  eight  rhesus  monkeys 
were  committed  to  a crossover  study  in  which  each  preparation 
was  to  be  administered  in  a single  dose  of  20.  0 mg  base  per  kg 
body  weight,  via  stomach  tube,  to  half  of  the  members  of  each 
monkey  group  on  Day  1,  with  reversal  of  the  delivery  order  on 
Day  14  or  21.  Blood  samples  were  to  be  drawn  prior  to  drug 
delivery  and  2,  4,  and  6 hours  thereafter,  packed  in  wet  ice, 

and  shipped  promptly  to  INTERx  Research  Corporation  for  anal- 
ysis of  WR-30,  090  content.  The  treatment  phase  of  the  first 
arm  of  this  experiment  was  completed  without  incident,  but  no 
more  than  a trace  of  the  quinolinemethanol  could  be  found  in 
any  blood  sample.  For  this  reason,  the  second  arm  of  the 
crossover  experiment  was  not  undertaken.  No  easy  explanation 
for  this  remarkable  negative  finding  has  been  forthcoming. 
Studies  pursued  preliminary  to  this  experiment  showed  that 
WR-30,  090  added  to  normal  owl  monkey  and  rhesus  monkey  blood 
or  plasma  could  be  recovered  with  reasonable  precision.  The 
preparations  employed  in  this  absorption  study  were  the  same 
as  those  used  in  the  therapeutic  evaluations.  The  monkeys 
bled  in  the  above  experiment  were  the  monkeys  who  had  received 
the  drug.  It  is  conceivable,  although  not  likely,  that  the 
drug  deteriorated  in  transit,  or  that  following  absorption 
WR-30,  090  was  converted  to  a metabolite  which  could  not  be 
extracted  and/or  measured  by  the  analytical  procedure,  or  that 
there  was  gross  analytical  error.  In  any  case,  the  absorption 
study  failed  to  provide  an  explanation  for  the  difference  in 
therapeutic  performance  of  WR-30, 090  hydrochloride  suspended 
in  water  and  WR-30,  090  base  dissolved  in  oleic  acid. 

The  fourth  special  study  dealt  with  the  blood 
schizonticidal  activities  of  primaquine  and  WR-181, 023  {4- 
methyl  primaquine)  as  exhibited  in  owl  monkeys  infected  with 
the  Vietnam  Palo  Alto  strain  of  £.  vi vax.  Primaquine  has  an 
established  position  as  a radical  curative  drug.  WR-lBl, 023 
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lias  not  yot  boon  eva  1 Ucitotl  loi  ouraLivo  [jrofJL'rtics  in  miiii,  but 
on  a dosncjo  compar i son,  in  sufiorior  Lo  primaquine  in  I'licsus  mon- 
keys infected  with  sporozoites  of  cynomolgi . When  employed 
for  radical  cure,  both  agents  iire  delivered  witli  chlorocjuin  ■ 
in  order  to  eliminate  both  erythrocytic  and  exoery throcy t ic 
foi  ms  of  the  relevant  parasi  tes.  Since  many  H-ami  nocju  ino  1 ines 
liave  activity  against  both  blood  and  tissue  schizonts,  tliere 
is  a possibility  that  some  compounds  might  be  so  well -endowed 
in  both  areas  as  to  make  concomitant  delivery  of  chlorocjuine 
(or  other  blood  schizonticide)  unnecessary.  The  current  study, 
aimed  at  determining  whether  WK-181,  0.13  would  be  1 i kely  to  meet 
this  requirement,  showed  that  this  compound  was  approximately 
twice  as  active  as  primaquine  against  infections  with  troplio- 
zoites  of  the  Vietnam  Palo  Alto  strain  of  vivax.  Since  the 
dose  of  WR-181,  023  required  to  cure  such  infections  wcis  approx 
imately  ten  times  that  required  for  radical  cure  of  sporozoite 
i n(.Juced  infections,  and  since  such  a dose  might  evoke  toxic 
reactions,  i t would  be  unwise  to  consider  this  B-aminoquinoline 
as  a candidate  for  a mono-drug  regimen. 

One  of  the  major  uses  of  the  liuman  plasmodia  - owl 
monkey  models  during  the  current  contract  year  has  been  to 
provide  data  required  for  FDA  clearance  of  the  clinical  prep- 
arations of  WR-184,  HOt),  a promising  1 -quinol  i nemethanol  £md 
competitor  of  WR-ll  2,  190,  and  WR-180,  109,  ancqiuilly  promising 
•1 -pyridinemethanol.  Studies  incidental  to  clearance  of  tfiesc 
compounds  have  dealt  not  only  witli  proof’  tliat  the  activities 
of  the  preparation  of  drug  intended  for  clinical  use  and  the 
original  lot  were  the  same,  but  with  the  influences  of  the 
dosage  regimen  and  route  of  i.leliv'ery  on  ^ictivity.  Tlie  stud- 
ies on  WR-180,  109  are  still  in  tirocjross  and  wi  1 1 be  summar  i zed 
later.  Studies  on  WR-181, 80u  were  completed  and  summarized  in 
the  Interim  Report  of  December  9,  197  1.  The  conclusion;-,  set 

forth  in  this  Report  follow; 
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" 1.  Wlien  administered  orally,  WR- 181 , 806 -All  regu- 
larly cured  infections  with  the  various  strains  at 
tlie  following  total  doses  (base  equivalent):  Oal; 

Knoll  - 35.0  mg/kg  body  woiglit;  Smith  - 70,0  mg/kg 
body  weight;  Palo  Alto  - 17.  5 mg/kg  body  weight. 

"2.  At  uniformly  curative  levels  (ca  COgg) . single 
dose,  three  consecutive  daily  dose,  and  seven  con- 
secutive daily  dose  regimens  of  Wl^-184,  806  wore 
essentially  equally  effective.  There  was  a sugges- 
tion, however,  that  the  time  required  for  parasite 
clearance  was  shorter  with  single  doses  than  when 
the  same  total  dose  was  delivered  in  equal  fractions 
on  seven  consecutive  days. 

"3.  When  administered  intravenously,  WR-181,806 
regularly  cured  infections  with  the  various  strains 
at  the  following  total  doses  (base  equivalent): 

Oak  Knoll  - 20.  0 mg/kg  body  weight;  Smith  - ca  30.  0 
mg/kg  body  weight;  Palo  Alto  - >10.  Os  20.  0 mg/kg 
body  weight. 

"4.  On  a dose-for-dose  comparison,  WR-18  1 , 806 -All 
appeared  to  be  slightly  more  effective  when  admin- 
istered intravenously  than  when  delivered  orally. 


"Comparison  of  the  abov'o  results  with  those  obtained 
in  earlier  pilot  studies  indicates  that  tlie  phosphate 
salt  of  WR-184,  806  is  at  least  as  effective  as  the  hydro- 
chloride salt  (WR-184,  806 -AA,  BN:  BB-52,  137  ) and  possibly 
slightly  superior. 

"Comparison  of  the  data  acquired  in  the  current 
study  with  those  of  even  more  extensive  studies  on 
WR-14  2,  4 90  [(>-  ( 2-piperidy  1 ) -2,  8 -bis  - ( tri  f luoromethyl ) - 
4-quinolinemethanol,  hydrochloride]  indicates  that  tlie 
activities  of  WR-184,  806 -AH  are  only  slightly  inferior 
to  those  attained  with  WR-142,490,  the  most  effective 
of  the  quinolinemethanols  evaluated  to  date  and  currently 
under  study  in  human  volunteers.  " 


PS  ri  Afti  H tN‘,’ 


II.  THK  SKARCI!  FOR  l.MPROVFI)  rROPm'FACT  IC  AND  K/\D1CAL  CUKATIVF 
DRUGS  (TISSUK  SC'III  ZONTI  CJ  DFS  ) AND  DRUG  RI:G  I .MiCNS 

Primaquiru'  is  the  only  prophylaetic  and  radical 
cui'ativ'o  i.lru<.j  'jonerally  avai  lahli^*.  Allliouqli  the  capacity  ol 
this  compound  to  prevent  and  cure  mosciu i to- i nduced  infections 
with  l^.  vi  vax  cannot  be  questioned,  it  does  have  certain  lim- 
itations. To  prevent  activ'o  infections,  it  must  be  aiiminis- 
teretl  (preferably  with  a blood  schi zont  icide)  both  durimj  the 
period  of  exposure  to  infected  mosquitoes  and  for  two  or  more 
months  thereafter.  To  cure  establislietl  injections,  it  must 
be  administered  for  fourteen  consecut i ve  days.  These  extended 
treatment  requirements  are  difficult  to  enforce  or  monitor. 

In  addition,  the  doses  of  primaquine  required  for  prevention 
anti  cure  arc  close  to  the  maximum  Lolertited  level,  particu- 
larly foi'  individuals  with  G6PD  deficiencies.  Lastly,  there 
appear  to  bo  strains  of  j2-  viv'ax  which  pro. luce  infections 
which  cannot  bo  cured  reqularly  by  the  conventional  dosage 
regimen,  1 S.  0 mg  daily  for  fourteen  conset'uLivo  days. 

These  limitations,  brought  into  clear  focus  during 
military  operations  in  Southeast  Asia,  led  to  expansion  of 
the  mission  of  the  U.  S.  Amy  Malaria  Chemot hera[->y  Program  to 
include  tlevolopmont  of  new  prophylactic  anti  ratlical  cureitivc 
drugs  more  effective  and  better  tolerated  than  primaquine  and 
capable  of  inducing  cures  when  tleliv'erotl  in  single,  or  at  most 
three  doses.  Initially,  it  was  hopctl  that  this  mission  could 
bo  served  by  studies  in  owl  monkeys  infected  witli  sporozoites 
of  J2.  vi  vax.  Unfort  unati' ly,  s.uch  infections  could  not  be 
dev'eloped  to  the  status  ot  a reliiible  motlel.  Accoialingly, 


★ 

Quinocide,  an  isomer  of  piimai]ui  ne,  is.  available  and  I'm- 
ployed  in  the  USSR  tin  1 s.itellitt->  count  l ies.  Critical  experi- 
mental an  1 clinical  sttulii's  indicati'  that  it  is  interior  to 
primaquini'  in  activity. 
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attontion  was  redirected  to  tlio  £.  cynomoltji  - Anopheles  frceborni  - 
rhesus  monkey  model , which  although  theoretically  loss  desirable 
than  one  based  on  _P.  vi vax,  lias  a well-established  record  for 
selecting  drugs  that  cure  human  infections  with  this  parasite 
and  predicting  their  relative  merits. 

There  were  five  major  facets  to  the  searciics  for  *■ 
improved  curative  drugs  pursued  during  tiie  197  4-197  h contract 
year.  These  included;  (1)  pilot  assessments  of  the  curative 
activities  of  I'ecently  synthesized  compounds;  (2)  side  - by  - 
side  evaluation  of  the  activities  of  primaquine  (a  racemate) 
and  its  D and  L components;  (3)  expanded  comparisons  of  the 
curative  properties  of  primaquine  and  WR-181, 023  {4-methyl 
primaquine);  (4)  delineation  of  t)ie  effectiveness  of  single 
and  three-dose  regimens  of  primaquine  and  WR-181,  023;  and 
(5)  attempted  enhancement  of  the  curative  activity  of  prima- 
quine by  concomitant  delivery  of  a companion  drug  other  than 
chloroquine.  In  addition,  a systematic  study  was  undertaken 
of  the  influence  of  the  size  of  tlie  sporozoite  inoculum  on 
the  "curative"  activity  of  chloroquine.  Combined,  these 
activities  entailed  work  with  slightly  more  than  400  rhesus 
monkeys. 

Seventy-five  agents  were  accorded  pilot  assessments 
for  curative  activity.  Included  in  this  total  wore  six  7- 
aminoquinol ines,  five  6-aminoquinolines,  three  naphthyridines, 
and  ten  compounds  of  miscellaneous  structure.  None  of  the 
latter  group  exhibited  curative  activity  at  the  largest  dose 
delivered.  One  of  the  7 -aminoquinol ines  had  questionable  ac- 
tivity at  a dose  of  10.0  mg  per  kg.  None  of  the  naphthyridines 
and  h -aminoqui  nolines  exliibited  curative  activities  at  the 
maximum  test  dose  levels. 
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Tlie  remaining  'll  compounds  suljmittcd  for  pilot 
evaluations  were  8->iminoquinolines.  Twelve  of  these  agent  ; 
were  at  least  as  active  as  primaquine.  Nine  of  this  cjroup 
were  as  active  as  WR-1B1,013,  the  most  effective  of  the  B- 
aminoquinol ines  evaluated  prior  to  the  beginning  of  this  con- 
tract year.  Four  of  the  nine  appeared  to  b«'  twice  as  actiw? 
as  WR-181,0Z3;  like  the  latter  derivative,  they  had  methyl 
substituteiits  in  position  1.  Three  of  the  four  differed  from 
WR-lBl,  0Z3  in  side  chain  configuration,  with  branching  at  the 
distal  end  of  the  alkyl  bridge  rather  than  at  the  proximal 
( 1)  position. 

Considering  the  numbers  of  years  of  work  on  the  B- 
aminoquinolines  required  to  develop  primaquine,  identification 
in  one  calendar  year  of  twelve  structurally  related  agents  of 
equal  or  greater  activity  is  a considerable  achievement,  The 
toxicity  or  tolerability  of  these  agents  will  determine  their 
real  utility.  Hopefully,  one  or  more  will  bo  at  least  as  well 
tolerated  as  primaquine  and  thereby  a significant  improvement 
over  this  currently  available  drug  in  terms  of  therapeutic 
index. 

The  second  facet  of  the  search  for  curative  drugs 
dealt  with  the  activities  of  WR-Zll,  536  and  WR-Zll,  537,  the 
D and  L isomers  of  primaquine.  Special  interest  was  attached 
to  this  evaluation  because  studies  on  the  acute  toxicity  of 
these  agents  for  the  mouse  indicated  that  the  L isomer  vv^as 
only  one-fourth  as  toxic  as  the  D.  If  these  isomers  had 
equal  curative  activity,  and  if  the  difference  in  mouse  tox- 
icity carried  over  to  man,  tlie  I,  isomer  would  have  a distinct 
advantage  over  the  racemate.  The  results  of  a side-by-side 
evaluation  showed  that  primaquine  and  its  isomers  had  essen- 
tially identical  capacities  to  cure  sporozoite-induced  infec- 
tions with  P.  cynomolgi.  This  favorable  result  led  to  a 
preliminary  evaluation  of  the  subacute  toxicitics  of  the  three 
agents  for  the  rhesus  monkey.  Tlie  results  of  this  comparison 
are  sot  forth  in  a subsequent  section  of  this  Summai-y. 

SOUTHl  RN  RIS1AR(H  INsTlTUTI 


The  third  major  facet  of  the  search  for  improved 
curative  drugs  was  concerned  wi  tli  a detai led  comparison  of  the 
prophylactic  and  radical  curative  activities  of  primaquine 
and  its  4-methyl  derivative,  WR-lBl,  013.  Studies  pursued 
during  the  previous  contract  year  indicated  that  the  latter 
compound  was  two  to  four  times  as  effective  as  primaquine  in 
curing  infections  with  P.  cynomolgi.  Studios  pursued  in  the 
early  1950' s shortly  after  the  ini tial  synthosi s of  WR-181, 013 
( then  designated  CN-1101)  indicated  that  this  compound  had  ap- 
proxim.ately  half  the  subacute  toxicity  of  primaquine  for  the 
rhesus  monkey.  Together,  these  assessments  suggested  tliat 
WR-181, 013  would  have  at  least  a fourfold  advantage  over  pri- 
maquine. This  promise  of  superiority  called  for  a detailed 
and  precise  comparison  of  the  prophylactic  and  radical  cura- 
tive properties  of  these  closely  related  compounds.  Side-by- 
side  appraisals  showed  tliat  the  doses  of  WR-181,  013  required 
to  prevent  infections  with  sporozoites,  or  to  cure  established 
sporozoite-induced  infections,  fell  between  one-half  and  one- 
third  the  doses  of  primaquine  required  for  the  same  result. 
This  demonstration  led  to  the  decision  to  prepare  a batch  lot 
of  WR-181,  023  for  ultimate  evaluation  in  human  volunteers. 

This  lot  has  been  produced  and  is  currently  being  subjected 
to  the  lower  animal  toxicity  and  therapeutic  activity  exami- 
nations required  by  FDA  prior  to  investigating  a new  drug  in 
human  volunteers. 

The  fourth  facet  of  the  search  for  improved  curative 
drugs  was  concerned  with  the  efficacy  of  short  term  treatment 
regimens  of  WR-181, 023.  Development  of  such  regimens  has  been 
of  increasing  interest  in  the  Malaria  Chemotliorapy  Program.  A 
single  dose  or  even  a three  daily  dose  curative  regimen  would 
have  considerable  advantage  over  the  standard  fourteen-consec- 
utive-day  or  once-a-week-for-four teen-weeks  schedules.  The 
merits  of  a seven-day  regimen  were  defined  in  experimenia] 
studies  carried  out  earlier  in  tliis  Project  and  clinical  studios 
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pursued  by  Clyde  at  the  University  of  Maryland.  These  investi- 
gations demonstrated  that  the  curative  activity  of  primaquine 
was  a function  of  the  total  dose  delivered,  specifically  that 
within  this  dose  stricture,  seven-day  and  fourteen-day  treat- 
ment schedules  were  equally  effective.  Because  of  concerns 
with  acute  toxic  reactions,  it  was  deemed  unwise  to  evaluate 
the  efficacies  of  single  dose  and  three-dose  regimens  of  prima- 
quine in  man.  WR-181,  023  appeared  to  have  sufficient  thera- 
peutic advantage  over  the  latter  8-aminoquinoline  to  warrant 
a test  of  the  "total  dose  principle".  The  results  of  this 
evaluation  showed  clearly  that  at  the  same  total  dose, 

WR-181,  023  was  equally  effective  in  single  dose,  three  daily 
dose,  and  seven  daily  dose  schedules.  Extension  of  the  total 
dose  concept  to  agents  more  active  than  WR-181,  023,  which 
have  emerged  from  pilot  assessments,  is  clearly  indicated. 

The  fifth  facet  of  the  curative  drug  investigations 
dealt  with  attempts  to  enhance  the  curative  activity  of  prima- 
quine by  administration  of  a companion  drug  in  addition  to,  or 
even  more  desirable,  in  place  of  chloroquine.  Such  enhancement 
could  lead  to  use  of  a lower  dose  of  primaquine  than  that 
usually  prescribed,  thereby  reducing  the  numbers  of  .mtoward 
reactions;  or  enhancement  could  make  conventional  doses  more 
effective  against  infections  with  those  strains  of  P.  vivax 
which  are  now  curable  only  when  larger  than  ordinary  doses 
are  employed.  The  initial  focus  in  this  investigation  was  on 
WR-203, 661  (a  7 -chlorolincomycin  derivative,  fonnerly  desig- 
nated U-24,  729A).  Earlier  studies  had  shown  that  this  agent 
had  significant  activity  against  both  the  primary  and  second- 
ary tissue  forms  of  £.  cynomolgi,  resulting  in  both  prophylaxis 
and  radical  cure  when  maximum  tolerated  doses  (40,0  mg  per  kg 
daily)  were  employed. 

The  initial  studies  were  carried  out  on  establislied 
sporozoite-induced  infections  previously  treated  with  a vari- 
ety of  8-aminoquinoline  derivatives  without  achieving  cure. 
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Such  infections  were  cured  wlicn  one-fourth  to  one-half  of  the 
usual  curative  dose  of  primaquine  was  administered  with  one- 
sixteenth  of  the  maximum  tolerated  rloso  of  WK-203,(a'>l  This 
encouraging  result  led  to  experiments  wi  tli  previously  untreated 
infections.  Tn  these  studies,  the  benefits  of  treatment  witli 
a combination  of  primaquine  and  WR-203,6(')1  were  evident,  but 
were  much  less  striking  than  those  encountered  in  retreatment 
cases.  Consideration  of  the  causes  of  these  diverse  responses 
led  to  the  suggestion  that  the  superior  activity  in  rctreat- 
ment  cases  could  very  well  be  due  to  a relatively  small  tissue 
burden. 


The  suggestion  set  forth  above  was  put  to  critical 
test  in  an  e.xperimont  in  which  the  curative  activities  of  each 
of  two  normally  non-curative  doses  of  primaquine,  administered 
in  combination  with  one-sixteenth  of  the  maximum  tolerated 
dose  of  WR-203,661,  were  evaluated  in  two  groups  of  monkeys, 
one  inoculated  with  10'^  sporozoites,  the  other  with  10^^  sporo- 
zoites. The  results  of  this  experiment  showed  clearly  that 
the  parasite  burden  was  an  important  determinant  of  the 
capacity  of  WR-203,661  to  enhance  the  curative  activity  of 
primaquine.  Cures  were  obtained  in  all  eight  infections 
induced  with  the  smaller  inoculum,  as  contrasted  with  one 
of  eight  cures  in  infections  induced  by  the  larger  inoculum. 

The  favorable  results  obtained  with  WR-203,661 
encouraged  studies  of  the  capacities  of  a variety  of  agents 
to  enhance  the  curative  activity  of  primaquine.  The  compounds 
exeimined  included  WR-203,659  ( 7 -chlorolincomycin  or  clinda- 
mycin), oxy tetracycl ine,  pyrimethamine,  erythromycin,  rifampin, 
valinomycin,  cordycepin,  and  cycloheximide.  WR-203,659  (a 
close  chemical  relative  of  WR-203,661)  effected  a slight  en- 
hancement of  the  activity  of  primaquine  when  administered  at 
the  maximum  tolerated  dose.  None  of  the  other  agents  modified 
the  curative  potential  of  this  8-aminoquinoline. 
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The  chemotherapeutic  studies  summari zsd  to  thi s point 
were  all  concerned  with  development  of  new  curative  drugs  or 
improv'ed  use  of  primaquine.  One  other  study  of  more  general 
import,  an  outgrowth  of  the  experiments  with  WR-203.6fjl,  was 
undertaken.  This  investigation  dealt  specifically  with  the 
influence  of  the  tissue  stage  burden  on  the  capacity  of  chloro- 
quine  to  cure  sporozoite-induced  infections  with  the  strain 

of  cynomolqi.  This  issue  had  been  dealt  with  in  an  expan- 

sive form  with  a variety  of  chemotherapeutic  agents  in  the 
1946-1948  period  when  sporozoite-induced  infections  with  the 
M strain  of  P.  cynomolqi  were  first  employed  in  the  search 
for  curative  drugs.  The  current  investigation  involved  work 
with  four  groups  of  three  to  five  monkeys,  inoculated  with  5. 

5 X 10“^.  5 X 10"*,  or  5 x 10“  sporozoites.  Two  of  five  recip- 

ients of  5 sporozoites  did  not  become  infected.  Chloroquine 
was  administered  at  a dose  of  5.0  mg  per  kg  body  weight,  daily 
for  five  days,  to  each  of  the  other  subjects  when  patency  was 
first  established  and  upon  each  relapse.  Infections  in  the 
recipients  of  5 sporozoites  were  cured  with  a single  drug 
course.  Infections  in  all  other  subjects  are  still  relapsing 
ten  months  after  inoculation.  Intervals  between  treatment  and 
relapse  are  distinctly  longer  in  recipients  of  5 x 10^  sporo- 
zoites (25  to  40  days)  than  in  recipients  of  5 x 10^  sporozoites 
(7  to  12  days).  These  results  indicate  that  the  tissue  stage 
burden  can  be  an  important  determinant  of  the  apparent  cura- 
tive capabilities  of  chloroquine  and  the  frequency  of  relapse 
following  delivery  of  this  blood  schizontici de.  They  suggest 
that  evaluations  of  curative  activity  are  precarious  in  sub- 
jects who  have  a low  tissue  burden  either  because  of  a small 
sporozoite  inoculum  or  few  remaining  secondary  tissue  forms 
because  of  exposure  to  near  curative  doses  of  the  same  or  other 
drug.  These  findings  reinforce  the  long  standing  conviction 
that  where  large  inocula  are  routinely  employed,  as  in  the 
pilot  and  secondary  assessments,  the  sole  role  of  chloroquine 
is  containment  of  the  erythrocytic  phase  of  the  malaria  infection. 
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Although  there  has  never  been  a contractual  commit- 
ment for  pharmacologic  investigations  in  this  Project,  studies 
in  this  area  have  been  pursued  when  it  appeared  that  local  ex- 
pertise and  resources  were  uniquely  suited  to  exploration  of  a 
specific  problem.  During  the  period  covered  by  this  Report, 
three  isolated  pharmacologic  studies  have  been  pursued.  These 
included:  (1)  comparison  of  the  absorption  of  WR-30,  090  hydro- 

chloride and  WR-30,  090  base  from  the  gastrointestinal  tracts 
of  the  owl  monkey  and  rhesus  monkey  (already  summarized  in 
Section  I above);  (2)  investigation  of  the  absorption  of  the 
quinazoline  WR-158,  122  from  the  gastrointestinal  tracts  of 
the  above  monkeys;  and  (3)  pilot  evaluations  of  the  toxicities 
of  WR-211,  532,  WR-211,  533,  WR-211,  536,  and  WR-211,  537  for  the 
rhesus  monkey. 

The  study  of  the  absorption  of  WR-158,  122  by  owl 
and  rhesus  monkeys  was  part  of  an  investigation  which  included 
work  on  human  volunteers,  aimed  at  acquiring  information  which 
might  help  explain  the  differences  in  the  activity  of  this 
quinazoline  in  owl  monkeys  infected  with  £.  falciparum  or 
P.  vivax  and  in  rhesus  monkeys  infected  with  £.  cynomolgi, 
and  suggest  what  might  be  anticipated  when  this  agent  is 
used  in  man.  The  investigation  was  a collaborative  endeavor 
in  which  the  animal  phase  was  carried  out  in  this  Project, 
the  analytical  phase  in  another  Department  of  the  Army  Project 
located  at  The  Christ  Hospital  Institute  for  Medical  Research, 
College  of  Medicine,  University  of  Cincinnati.  In  brief,  the 
results  showed  that  each  of  four  broadly  spaced  doses  gave  rise 
to  plasma  levels  of  microbiologically  active  drug  which  were 
tenfold  greater  in  the  owl  monkey  than  in  the  rhesus  monkey. 
These  differences  roughly  paralleled  the  activities  of  WR-158,  122 
exhibited  in  malarial  infections  in  these  primate  hosts. 

ir 

Performed  by  Dr.  John  Arnold  under  DADA  Contract. 
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The  evaluations  of  the  toxicities  of  WR-211,  532, 
WR-211,  533,  WR-211,  536,  and  WR-211,  537  for  the  rhesus  monkey 
were  preliminary  in  scope,  but  satisfied  the  purposes  for 
which  they  were  undertaken.  The  first  two  of  these  compounds 
were  among  the  more  active  8-aminoquinolines  accorded  pilot 
study,  with  curative  doses  comparable  to  that  of  primaquine. 
The  results  of  the  toxicity  study  showed  that  WR-211,  532 
and  WR-211,  533  evoked  toxic  reactions  very  similar,  if  not 
identical  with  those  produced  by  primaquine.  Quantitatively, 
WR-211,  532  had  the  same  order  of  toxicity  as  primaquine; 
WR-211,  533  was  less  than  half  as  toxic.  The  latter  agent 
would  obviously  be  the  preferable  candidate  for  study  in 
human  volunteers  were  either  to  be  considered. 

WR-211,  536  and  WR-211,  537  are  respectively  the  D 
and  L isomers  of  primaquine.  Previous  studies  had  shown  that 
their  radical  curative  activities  were  equal  and  identical 
with  that  of  primaquine  (the  ^ mixture).  The  results  of  the 
toxicologic  study  showed  that  the  toxicity  of  the  D isomer 
was  equal  to  that  of  the  racemate  or  slightly  less;  the  L 
isomer  was  twice  as  toxic.  If  these  relationships  carry-over 
to  the  human  subject,  and  if  the  D isomer  can  be  obtained 
readily,  its  clinical  use  should  be  favored  over  that  of 
primaquine. 


The  above  Summary  brings  together  in  abbreviated 
form  the  scope  of  the  activities  of  the  1974-1975  contract 
year  and  the  major  results  of  these  activities.  Detailed 
descriptions  are  to  be  found  in  the  Sections  that  follow. 
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I.  STUDIES  ON  WR-177.E0Z 

WR-177,  602  1^0  - ( 2-piperidyl ) -2,  8-bis-  ( tri  f luoromefcliy 2 ) 
4 -quinolinemethanol^  is  the  isomer  ( threo-epimer ) of  WR-142,  190 
(mefloquine),  the  most  promising  of  the  4-quinolinemethanols 
examined  to  date.  Interest  in  evaluating  the  activity  of 
WR-177,  602  against  infections  with  P,  falciparum  in  the  owl 
monkey  rested  on  the  demonstration  that  its  acute  oral  toxicity 
for  the  mouse  was  approximately  one-fourth  that  of  WR-142,  490 
(LDio  - WR-177,  602  = 3600  mg  per  kg  body  weight;  LDiq  “ WR-14  2,  490  = 
810  mg  per  kg  body  weight). 

The  results  of  the  pilot  assessment  of  the  activity  of 
WR-177,  602*  against  established  infections  with  the  multidrug- 
resistant  Vietnam  Smith  strain  of  £.  falciparum  are  detailed 
in  Tables  1 and  2.  The  data  in  Table  2 show  that  cures  were 
achieved  in  five  of  the  ten  recipients  of  WR-177, 602  in  daily 
doses  of  2.  5 mg  base  per  kg  body  weight  and  in  nine  of  nine 
recipients  of  5.0  mg  per  kg  doses.  WR-177,  602  has  a steep  dose 
response  curve,  as  indicated  by  the  failure  of  doses  less  than 
2.  5 mg  per  kg  to  effect  even  temporary  clearance  of  parasitemia. 

The  results  of  the  above  evaluation  have  been  com- 
pared with  those  of  earlier  assessments  of  the  activity  of 
WR-142,  490  (cf  Table  3).  This  comparison  indicates  that  the 
two  isomers  have  essentially  identical  activities  against 
infections  with  the  Smith  strain  of  £.  falciparum.  A care- 
ful comparison  of  the  subacute  toxicities  of  WR-177,  602  and 
WR-142,  490  for  various  animal  species  would  seem  to  be  an 
investigation  of  high  priority.  If  such  a comparison  shows 
that  the  subacute  toxicity  of  WR-177,  602  is  regularly  and 
significantly  less  than  that  of  WR-142,  490,  this  threo-epimor 
clearly  merits  evaluation  for  both  tolerability  and  activity 
in  human  volunteers,  the  advanced  status  of  clinical  studios 
on  mefloquine  notwithstanding. 


Prepared  as  the  monohydrochloride  salt. 
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TABLE  3 

COMPARISON  OF  TflE  ACTIVITIES  OF  WR-177,603  AND  WR-l42,-)90  AGAINST 
ESTABLISHED  INFECTIONS  WITH  THE  VIETNAM  SMITH  STRAIN 
OF  PLASMODIUM  FALCIPARUM 


Compound 
WR-  No. 

Daily  Dose* 
Mg  Base/Kg 
Body  Weight 

No.  of 

Infections 

Treated 

1 

Days  from 
Initial  R^ 
to  Parasite 

Response  to 

Treatment 

iotai 

None 

Suppressed 

Cleared 

Cured 

Clearance** 

0.  625 

3 

- 

3 

- 

0 

n.  a. 

1.  25 

3 

- 

7 

1 

0 

n.  a. 

177,  602 

2.  5 

10 

- 

- 

10 

5 

5.  0 

9 

- 

- 

9 

9 i 

f. 

1 

10.  0 

3 

- 

- 

3 

3 

! 

b 

1 

1.  25 

■) 

- 

2 

- 

1 

0 i 

i 

n.  a 

1-12,  -190 

1 

2,  5 

6 





6 

> 

8 

5.  0 

14 

- 

- 

14 

14 

7 

1 

10.  0 

2 

- 

- 

2 

? 

7 

1 

Administered  as  the  hydrochloride  salt,  via  stomach  tube,  once  daily 
for  seven  consecutive  days. 


•k  k 

Median  day  to  clearance  of  parasitemia. 
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II. 


STUD  IKS  OK  WR-18^,  Z31 


WR-182,  231  Q> - (di -N-butylctJiii  noethyl ) -2- ( 1-trifluoro- 
mothylpheny 1) -6 -tr i f luoromethy 1-i -pyridinemethanolj  was  deemed 
worthy  of  pilot  evaluation  because  of  its  structural  similari- 
ties to  WR-17  2,  135  and  WR-180,  109  (cf  Figure  1).  The  latter 
agents  are  essentially  ccjually  active  and  the  most  effective 
of  the  4-pyridinemethanols  examined  to  date  in  the  owl  monkey  - 
£.  falciparum  model. 

The  assessment  of  the  activity  of  WR-182,  231*  was 
limi ted  to  experiments  on  monkeys  infected  with  the  Smith  strain 
of  P.  falciparum  (cf  Tables  -1  and  5).  As  the  summary  observa- 
tions show  (Table  5),  this  agent  was  routinely  curative  when 
administered  in  daily  doses  of  20.0  mg  base  per  kg  body  weight. 
Clearance  of  parasitemia  was  attained  regularly  by  delivery  of 
10.  0 mg  per  kg  doses,  but  only  two  of  six  infections  so  treated 
were  cured.  Doses  of  2.  5 mg  per  kg  were  essentially  without 
effect  on  the  course  of  infection.  Limited  suppression  of 
parasitemia  was  achieved  in  three  of  six  recipients  of  doses 
of  5.  0 mg  per  kg. 

The  results  of  this  evaluation  of  the  activity  of 
WR-182, 231  have  been  compared  with  the  results  of  earlier 
assessments  of  the  activities  of  the  hydrochloride  salts  of 
WR-17  2,  435  and  WR-180,  409.  This  comparison,  summarized  in 
Table  (i,  shows  clearly  that  WR-182,  231  is  no  more  than  one- 
fourth  as  active  as  WR-180,  409.  WR-182,  231  is  definitely 

less  active  than  WR-172,  435,  although  the  data  on  the  latter 
agent  are  too  limited  for  a precise  assessment.  Unless 
WR-182,  231  has  major  toxicologic  advantages  over  WR-172,  435 
and  WR-180,  409,  it  w'ould  not  appear  to  meri t further  attention. 


★ 

Prepared  as  the  monohydrochloride  salt. 
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FIGUiyS  1 

STRUCTURES  OF  WR-18Z,  331,  WR-172,-435,  AND  WR-180,  -409 
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cy-  (di-N-butylaminoethyl ) -2,  6-di-  (4-trif  luoromethylphenyl)  - 
4 -pyr idinemethanol. 
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IRO,  409 


10,  0 


Administered  as  the  hydrochloride  salt,  via  stomach  tube,  once  dai ly 
for  seven  consecutive  days. 

★ ■* 

Median  day  to  clearance  of  parasitemia. 
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III. 


STUDIES  ON  WR-204,  165  AND  WR-194,  965 


III. 


STUDIES  ON  WR-.!01,  1(,5  Ai\;D  WR-191 , Dt")  5 

The  structures  of  WR-201,  1()5  and  WR-191,9C>5  are 
indicated  in  Figure  1.  Both  of  these  agents  can  be  considered 
as  Mannich  bases.  There  was  considerable  interest  in  .Mannich 
reaction  products  during  the  World  War  II  Malaria  Chemotherapy 
Program.  A significant  group  of  such  agents  exhibited  activity 
against  infections  with  erythrocytic  parasites  of  P.  gal linaceum 
and  P.  lophurae  in  the  chicken  and  knowlesi  in  the  rhesus 
monkey.  Four  were  evaluated  against  infections  with  P.  vivax 
in  human  volunteers  with  disappointing  results. 

WR-204,  16  5,  one  of  the  Mannicli  bases  prepared  in 
the  current  Malaria  Chemotherapy  Program,  exhibited  significant 
activity  against  trophozoite-induced  infections  with  £.  berghei 
in  the  mouse  and  cynomolgi  in  the  rhesus  monkey.  Since  the 
level  of  activity  encountered  appeared  much  superior  to  that 
of  any  derivative  examined  in  the  World  War  II  Malaria  Program, 
it  was  decided  to  undertake  a pilot  assessment  of  the  activity 
of  WR-204,  165  against  established  infections  with  the  multidrug- 
resistant  Smith  strain  of  _P.  falciparum.  The  demonstrated 
effectiveness  of  this  compound  led  to  similar  studies  on 
WR-194,965,  which  was  looked  upon  as  a likely  metabolite  of 
WR-204,  165. 

The  results  of  the  pilot  evaluations  of  the  activ- 
ities of  WR-204, 165  and  WR-194,965  have  been  summarized  in 
Tables  7-10.  Although  data  on  WR-194,965  are  less  extensive 
than  those  on  WR-204, 165,  it  seems  likely  that  these  agents 
are  essentially  equally  active,  curing  infections  with  a high 
degree  of  regularity  when  administered  in  doses  of  5.0  mg  base 
per  kg  body  weight,  daily  for  seven  consecutive  days.  Both 
agents  have  steep  dose  response  curves,  as  indicated  by  fail- 
ure to  acliieve  clearance  of  paras.itomia  at  doses  of  1.  25  mg 
per  kg.  irregular  clearance  in  some  recipients  of  2.  5 mg  per 
kg.  cure  of  infections  in  others,  and  full  curative  acti'’ity 
at  .loses  of  5.  0 mg  per  kg. 
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The  activities  of  WR-ZO-l , 16  5 and  WR-194,  965  exhibited 
above  are  very  similar  to  those  displayed  by  the  most  active 
of  the  4 -quinolinemethanols  and  4 -pyridinemethanols.  If  the 
tolerability  of  these  Mannich  reaction  products  compares 
favorably  with  that  of  the  latter  agents,  trials  in  human 
volunteers  would  seem  indicated. 
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FIGURE  2 

STRUCTURES  OF  WR-204,  165  AND  WR-194,965 


WR-204,  165 

3,  6-bis-  (tert.  butyl)  -8-  { 4-chloropheny  1)  -2H,  4H-1,  3-benzo- 
oxazine. 

H 

I 


O 


WR-194, 96  5 

2- (4-chlorophenyl) -4-tert.  butyl-6 -( tert.  butylaminomethyl ) - 
phenol. 
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TABLE  9 


PRELIMINARY  ASSESSMENT  OF  THE  ACTIITTY  OF  WR-19-4,  96  5 AGAINST  ESTABLISHED  INFECTIONS 
WITH  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 
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IV.  STUDIES  ON  THE  CAPACITY  OF  WR-180,873  TO  ENHANCE  THE 

ACTIVITY  OF  WR-158,  2 33 

Studies  pursued  in  preceding  years  showed  that 
WR-158,  123  1^2,  4-diamino-6  - ( 2-naphthylsulfonyl) -quinazolinej 
lias  remarkable  activity  in  owl  monkeys  infected  with  the  drug- 
susceptible  Chesson  strain  of  £.  vivax  or  the  chloroquine-, 
quinine-resistant  Oak  Knoll  strain  of  £.  falciparum.  T2ie 
activity  of  this  quinazoline  derivative  was  reduced  markedly 
in  monkeys  infected  witli  pyrimethamine-resistant  strains  of 
either  of  these  plasmodia.  To  a very  great  extent,  the 
liabilities  of  pyrimethamine  resistance  could  be  eliminated 
by  administering  small  doses  of  sulfadiazine  in  combination 
with  WR-158, 122  (cf  Report  SORI-KM-73-216,  July  23,  1973). 

Studies  pursued  by  Thompson  and  coworkers  in  mice 
infected  with  a pyrimethamine-resistant  strain  of  £.  berghei 
seemed  to  offer  an  alternate  approach  to  use  of  a quinazoline- 
sulfonamide  mixture.  These  investigations  showed  that  the 
liabilities  of  pyrimethamine  resistance  could  be  abolished  by 
administering  WR-180,87  2 [^2,  l-diamino-6-(2-naphthylsulfonyl)- 
5,  6 . 7 , 8-tetrahydroquinazolineJ  in  combination  with  WR-158,  122. 
Experiments  were  carried  out  to  determine  whether  similar 
benefits  could  be  achieved  in  monkeys  infected  with  the  pyri- 
methamine-resistant Vietnam  Palo  Alto  strain  of  £.  vivax. 

The  results  have  been  summarized  in  Tables  11  and  12. 

As  shown  in  Table  12,  the  largest  dose  of  WR-158,  122 
employed  alone  in  this  evaluation,  1.  56  mg  per  kg  body  weight 
daily,  effected  temporary  clearance  of  parasitemia.  No  cures 
were  achieved  in  this  study;  in  a much  larger  experiment,  five 
of  fen  infections  were  cured.  The  largest  dose  of  WR-180,872 
utilized  alone  was  25.0  mg  per  kg  daily.  Previous  studies  liad 
sliown  that  such  an  amount  would  cure  infections  with  the  chloro- 
quino-ros i stant.  pyrimethamine-susceptible  Oak  Knoll  strain  of 
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falciparum.  In  the  current  investigation  ^Table  12),  this 
dose  level  failed  to  control  the  parasitemia  in  monkeys  infected 
with  the  pyrimethamine-resistant  Palo  Alto  strain. 

As  the  data  summarized  in  Table  12  show,  little,  if 
anything,  was  gained  by  administering  WR-15C,  122  and  WR-180,  87  2 
in  combination.  Doses  of  0.  39,  1.  56,  or  6.  25  mg  of  the  latter 

quinazoline  added  nothing  to  the  activity  of  0.  39  mg  per  kg  or 
lesser  doses  of  WR-158,  122.  This  negative  contribution  stands 
in  striking  contrast  to  the  benefits  derived  from  administering 
WR-158, 122  in  combination  with  sulfadiazine,  where  concomitant 
delivery  of  0.  098  mg  per  kg  doses  of  this  quinazoline  and  5.  0 
mg  per  kg  doses  of  the  sulfonamide  was  a uniformly  curative 
regimen. 
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ASSESSMENT  OF  THE  CAPACITY  OF  WR-180,872  TO  ENHANCE  THE  ACTIVITY  OF  WR-158,  122  AGAINST 
ESTABLISHED  INFECTIONS  WITH  THE  VIETNAM  PALO  ALTO  STRAIN  OF  PLASMODIUM  VIVAX 
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V.  THE  ACTIVITY  OF  WR-Z03,661 

There  has  been  intermittent  interest  in  the  anti- 
malarial  properties  of  WR-Z03,  661  and  WR-Z03, 659  (clindamycin) 
since  1967,  when  Lewis  first  reported  on  the  activities  of 
these  lincomycin  derivatives  in  mice  infected  with  berghei. 
The  most  recent  interest  stemmed  from  a preliminary  report 
by  Powers  on  the  activity  of  WR-Z03,  661  (originally  coded 
U-Z4,7Z9a)  in  owl  monkeys  infected  with  the  chloroquine-re- 
sistant  Oak  Knoll  strain  of  falciparum.  This  observation 
was  confirmed  and  extended  [^cf  Annual  Report  (this  Project) 
1973-1974^  to  investigations  with  the  multidrug-resistant 
Smith  strain. 

The  results  of  these  previously  reported  studies 
showed  that  WR-Z03,661  was  fully  active  in  the  face  of  chloro- 
quine,  quinine,  or  pyrimethamine  resistance  and  that  it  was 
approximately  eight  times  as  active  as  the  closely  related 
WR-Z03,659.  However,  parasitemias  were  controlled  slowly  when 
either  agent  was  administered  in  a seven  consecutive  daily  dose 
regimen.  Attempts  have  been  made  to  determine  whether  this 
liability  could  be  reduced  by  modifying  the  dosage  regimen. 
This  modification  has  taken  two  forms:  (1)  delivery  of  the 

total  dosage  of  WR-Z03,661  in  a single  dose  or  three  doses 
instead  of  seven;  and  < Z)  delivery  of  an  initial  loading  dose 
of  this  agent,  followed  by  a series  of  small  fractional  doses. 

The  results  of  a preliminary  study,  summarized  in 
Tables  13  and  14,  show  that  the  curative  activity  of  WR-Z03,  661 
was  less  when  the  same  total  amount  was  administered  in  a 
single  dose  or  three  divided  doses  than  when  seven  consecu- 
tive daily  fractions  were  delivered.  The  rate  of  parasite 
clearance  was  not  improved  in  either  the  short  term  or  load- 
ing dose  regimens.  Although  the  data  supporting  these  con- 
clusions are  limited,  their  consistency  suggests  that  further 
pursuit  of  dosage  regimen  studios  would  not  bo  rewarding. 
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Somewhat  unrelated  studies,  described  in  Section  XIII 
of  this  Report,  indicated  that  the  simultaneous  delivery  of 
WR-203,661  would  enhance  the  capacity  of  primaquine  to  cure 
infections  with  sporozoites  of  cynomolgi.  Since  this 
finding  might  be  applied  to  human  infections  with  vivax, 
it  became  important  to  know  whether  the  trophozoite  phase 
of  such  infections  could  be  controlled  by  WR-203, 661  or 
whether  it  would  still  be  necessary  to  employ  chloroquine 
or  other  agent  as  a blood  schizonticide.  This  led  to  a 
limited  assessment  of  the  capacity  of  this  lincomycin  deriv- 
ative to  cure  established  infections  with  the  Vietnam  Palo 
Alto  strain  of  _P.  vivax. 

The  results  of  the  above  evaluation,  summarized 
in  Tables  15  and  16,  show  that  the  curative  activity  of 
WR-203,  661  was  characterized  by  a flat  dose  response  curve. 

A signi ficant  proportion  of  infections  was  cured  by  the  least 
daily  dose  used  in  this  study  (1.  25  mg  per  kg  body  weight) ; 
a daily  dose  of  10.0  mg  per  kg  was  required  for  a uniformly 
curative  response.  At  any  of  the  doses  employed,  parasitemias 
were  cleared  slowly.  These  findings  suggest  that  in  order  to 
make  effective  use  of  the  capacity  of  WR-203, 661  to  enhance 
the  radical  curative  activity  of  primaquine,  it  would  be 
desirable  to  include  a rapidly  acting  blood  schizonticide 
in  the  treatment  regimen. 
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VI.  COMPARATIVE  STUDIES  ON  WR-30,  090  BASE  AND 
WR-30, 090  HYDROCHLORIDE 


WR-30,  090  [tf- (di-N-butVlaminomethyl) -2- (3,  4-dichlo- 
rophenyl ) -6 , 8-dichloro-4-quinolinemethanolJ , one  of  the  first 
promising  compounds  to  emerge  from  the  experimental  component 
of  the  Malaria  Chemotherapy  Program,  was  evaluated  in  human 
volunteers  for  tolerability  and  for  capacity  to  cure  infec- 
tions with  chloroquine-resistant,  pyrimethamine-resistant 
strains  of  P,  falciparum.  The  favorable  results  of  these 
studies  led  to  closely  supervised  field  trials  in  military 
service  personnel  in  South  Vietnam.  Overall,  the  results 
of  these  studies  were  promising.  However,  there  were  some 
irregularities  in  response  which  required  special  monitoring 
oi  patient  status  and  adjustment  of  the  dosage  of  WR-30,  090. 
These  irregularities  were  attributed  to  erratic  absorption  of 
WR-30,  090  which  was  administered  as  the  relatively  insoluble 
monohydrochloride  salt. 

In  an  effort  to  circumvent  such  response  irregu- 
larities, attention  was  directed  to  development  of  a more 
soluble  form  of  WR-30,  090.  This  endeavor,  pursued  by  inves- 
tigators at  the  INTERx  Research  Corporation,  led  to  the  dis- 
covery that  WR-30,  090  base  was  highly  soluble  in  oleic  acid, 
up  to  20  per  cent  by  weight,  and  readily  absorbed  from  such 
solution.  A limited  study  pursued  in  the  dog  showed  that 
the  peak  plasma  or  whole  blood  levels  of  "WR-30,  090"  were 
eightfold  greater  following  oral  administration  of  the  base 
in  oleic  acid  than  after  delivery  of  the  equivalent  dose  of 
the  hydrochloride  salt.  On  the  basis  of  this  observation, 
plans  were  made  for  evaluating  the  therapeutic  activity  of 
oleic  acid  solutions  of  WR-30,  090  base  in  human  volunteers. 
As  a prelude  to  these  evaluations,  the  bioavailability  of 
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WR-30,  090  base  and  WR-30,  090  hydrochloride  was  compared 
in  owl  monkeys  infected  with  the  Vietnam  Smith  strain  of 
Plasmodium  falciparum*. 

The  results  of  this  comparison  have  been  detailed 
in  Tables  17  and  18  and  summarized  in  Table  19.  As  the  data 
in  the  latter  table  show,  there  was  a striking  difference  be- 
tween the  therapeutic  efficacy  of  WR-30,  090  base  and  WR-30,  090 
hydrochloride  salt.  Contrary  to  what  would  have  been  expected 
from  the  absorption  data,  the  base  had  very  limited  activity. 
In  recipients  of  the  base  in  doses  of  5.  0 to  40.  0 mg  per  kg, 
clearance  of  parasitemia  was  achieved  in  but  six  of  fifteen 
subjects,  and  cure  of  the  infection  in  but  one  individual. 
Within  the  same  dose  range,  delivery  of  the  hydrochloride 
salt  led  to  clearance  of  parasitemia  in  26  of  27  recipients, 
cures  in  21  of  27, 


★ 

Since  the  oral  administration  of  oil  solutions  to  exper- 
imental animals  is  not  a conventional  procedure,  a brief  de- 
scription of  the  method  of  delivery  of  both  WR-30,  090  base  and 
the  hydrochloride  salt  seems  indicated.  (1)  WR-30,  090  base;  A 
stock  solution  of  base  in  oleic  acid  was  prepared  and  diluted 
serially  with  oleic  acid  to  give  a range  of  concentrations  such 
that  the  dose  per  kg  of  monkey  was  contained  in  a 0.  2 ml  volume. 
The  volume  actually  required  per  monkey  was  measured  via  use 
of  a 0.  25  ml  tuberculin  syringe  into  an  opened  No.  5 gelatin 
capsule.  After  capping,  the  latter  was  placed  in  the  non- 
constricted  end  of  a No.  14  French  urethral  catheter  which 
was  passed  into  the  stomach  by  conventional  technique.  The 
capsule  was  promptly  ejected  from  the  catheter  by  slowly  com- 
pressing the  air  in  a 5 ml  hypodermic  syringe  attached  to  the 
constricted  end  of  the  catheter.  (2)  WR-30.  090  hydrochloride; 

A stock  solution  was  prepared  by  an  initial  grinding  of  the 
requisite  quanti ty  of  this  salt  with  0.1  ml  Tween  80,  followed 
by  grinding  to  a homogeneous  suspension  with  the  required  quan- 
tity of  distilled  water.  The  appropriate  volume  of  this  sus- 
pension was  placed  in  a 50  ml  Erlenmeyer  flask  and  diluted  to 
10.0  ml  with  water.  This  volume  was  introduced  into  the  stomach 
through  a No.  14  French  urethral  catheter,  fitted  with  a 10.  0 
ml  glass  hypodermic  syringe,  and  followed  by  rinsing  of  flask 
and  syringe  with  3 to  5 ml  distilled  water. 
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These  perplexing  and  unexpected  results  suggested 
that  there  might  be  major  differences  in  the  absorption  of 
WR-30,  090  base  and  hydrochloride  salt  in  different  animal 
species;  either  that  or  the  blood  levels  of  "WR-30,  090"  were 
unrelated  to  antimalarial  activity.  Certainly,  if  plasma  and 
blood  levels  were  similar  in  owl  monkey  and  dog,  it  would  have 
to  be  concluded  that  what  was  being  measured  as  "WR-30,  090" 
was  probably  a mixture  of  derivatives  and  unchanged  drug,  a 
large  component  of  which  was  devoid  of  antimalarial  activity. 
In  order  to  assist  in  resolving  these  issues,  a comparison  was 
undertaken  of  the  levels  of  "WR-30,  090"  in  blood  following  oral 
administration  of  equivalent  doses  of  the  base  and  hydrochloride 
salt  to  non-infected  owl  monkeys.  A companion  rhesus  monkey 
component  was  added  to  this  experiment  to  assist  in  appraising 
species  variability. 

Ten  owl  monkeys  and  eight  rhesus  monkeys  were 
assigned  to  what  was  to  have  been  a two-armed  crossover 
experiment.  In  one  arm,  five  owl  monkeys  and  four  rhesus 
monkeys  were  to  receive  a single  20.  0 mg  per  kg  dose  of 
WR-30,  090  base  in  oleic  acid;  the  remaining  five  owl  monkeys 
and  four  rhesus  monkeys  were  to  receive  a single  20.0  mg  per 
kg  dose  of  WR-30,  090  hydrochloride  in  water*.  Blood  samples 
were  to  be  cL*-ained  just  prior  to  dosage  and  2,  4,  and  6 

hours  thereafter.  These  samples  were  to  be  refrigerated  on 
collection  and  shipped  in  wet  ice  the  next  morning  to INTERx 
Research  Corporation.  Two  weeks  later  the  procedure  was  to 
be  repeated  with  reversal  of  the  assignment  of  the  monkeys 
to  the  two  preparations. 

* 

The  procedure  for  administering  the  oleic  acid  solution 
of  WR-30,  090  base  and  suspension  of  WR-30, 090  hydrochloride 
to  the  owl  monkey  was  identical  with  that  already  described. 
Except  for  size  of  capsule  (No,  0)  and  urethral  catheter 
(No.  20  Fr) , and  volume  of  suspension,  the  same  method  was 
used  for  administering  these  agents  to  the  rhesus  monkey. 
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Technically,  the  delivery  of  drug,  collection  of 
blood,  and  shipment  to  INTERx  went  off  without  incident.  To 
the  bewilderment  of  all,  no  more  than  a trace  of  WR-30,  090 
could  be  found  in  any  blood  sample.  Because  of  this,  it  was 
decided  to  postpone  the  second  portion  of  the  planned  study, 
pending  resolution  of  what  appeared  to  be  a serious  analytical 
problem.  To  this  time,  the  problem  has  not  been  resolved. 
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THE  COMPARATIVE  ACTIVITIES  OF  WR-30.  090  BASE  (IN  OLEIC  ACID)  AND  WR-30.  090  HYDROCHLORIDE  (IN  WATER) 
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SUMMARY  OF  THE  COMPARATIVE  ACTIVITIES  OF  WR-30,  090  BASE  AND  WR-30,  090 
HYDROCHLORIDE  AGAINST  ESTABLISHED  INFECTIONS  WITH  THE  VIETNAM  SMITII 

STRAIN  OF  PLASMODIUM  FALCIPARUM 


Daily  Dose* 
Mg  Base/Kg 
Body  Weight 

No.  of 

Infections 

Treated 

_ J 

Days  from 
Initial  Rj,; 
to  Parasite 

WR-30,  090 

Total 

Response  to 

Treatment 

None 

Suppressed 

Cleared 

Cured  j 

Clearance** 

1.  25 

3 

_ 

3 

1 

0 

1 

n.  a. 

2.  5 

3 

1 

2 

0 

n.  a. 

Base 

5.  0 

3 

- 

2 

1 

0 

n.  a. 

10.  0 

3 

- 

7 

L. 

1 

0 

n.  a. 

20.  0 

4 

- 

1 

3 

1 

n.  a. 

40.  0 

5 

1 

3 

1 

0 

n.  a. 

5.  0 

3 

- 

2 

1 

0 

n.  a. 

Hydro- 

10.  0 

5 

- 

1 

4 

3 

>5 

chloride 

20.  0 

15 

- 

- 

15 

12 

6 

40.  0 

7 

- 

- 

7 

6 

4 

★ 

Administered  via  stomach  tube  once  daily  for  seven  consecutive  days. 


★ ★ 

Median  day  to  clearance  of  parasitemia. 
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VII.  COMPARISON  OF  THE  BLOOD  SCHIZONTI CIDAL  ACTIVITIES  OF 
PRIMAQUINE  AND  WR-181,023 

As  a class,  the  8-aminoquinolines  have  activity 
against  all  forms  of  vi vax.  including  the  blood  schizonts. 
Unfortunately,  the  latter  parasite  stages  are  less  susceptible 
than  the  tissue  schizonts  to  the  action  of  agents  such  as  pri- 
maquine, isopentaquine,  and  pentaquine.  In  fact,  the  dose  of 
any  one  of  these  compounds  required  to  eradicate  the  erythro- 
cytic parasites  of  £.  vi vax  is  at  least  four  times  the  dose 
required  for  radical  cure.  Since  such  large  doses  approach 
the  maximum  tolerated  level,  it  is  not  possible  to  exploit  the 
broad  spectrum  of  activity  of  the  8-aminoquinolines.  Interest 
in  such  a possibility,  renewed  with  the  development  of  WR-181,023, 
led  to  a direct  comparison  of  the  capacities  of  this  agent  and 
primaquine  to  cure  established  infections  with  trophozoites  of 
the  Vietnam  Palo  Alto  strain  of  P.  vivax,  with  the  results  set 
forth  in  Tables  20  to  23. 

The  observations  summarized  in  Tables  21  and  23  show 
that  the  curative  activity  of  WR-181,  023  is  clearly  superior 
to  that  of  primaquine.  Daily  doses  of  2.  5 mg  WR-181,  023  per 
kg  appear  to  be  curative;  doses  of  1.25  mg  per  kg  effected  tem- 
porary clearance  of  parasitemia.  Doses  of  2.  5 mg  primaquine 
were  not  curative.  Overall,  its  activity  fell  between  one- 
half  and  one-fourth  that  of  its  l-methyl  congener.  Although 
the  demonstrated  superiority  of  WR-181,  023  is  encouraging,  its 
blood  schizonticidal  activity  is  not  great  enough  to  have  thera- 
peutic applicability.  Even  with  its  improved  activity,  the 
dose  of  WR-181,  023  required  for  control  of  the  erythrocytic 
phase  of  P.  vivax  infections  exceeds  by  almost  a log  the  dose 
required  for  elimination  of  tissue  schizonts  and  approaches  a 
level  which  could  provoke  hepatotoxici ty. 
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VIII.  STUDIES  ON  WR-184,  806-AH 


WR- 184,  806 -AH,  the  phosphate  salt  of  a- ( tert.  butyl- 
aminoethyl ) -2, 8-bis- (trifluoromethyl) -4-quinolinemethanol, 
was  prepared  in  a batch  quantity  sufficient  for  evaluations 
in  human  volunteers,  and  for  the  preclinical  investigations 
required  for  FDA  approval  of  a new  drug  trial.  One  component 
of  the  latter  investigations  required  subjecting  this  prep- 
aration to  a series  of  studies  aimed  at  quantifying  its  anti- 
malarial  activity  and  determining  to  what  extent  such  activity 
was  influenced  by  the  dosage  regimen  and  route  of  delivery. 
The  results  of  these  explorations  were  summarized  on  December  9, 
1974  for  inclusion  in  an  IND  application.  This  summary  is 
reproduced  in  its  entirety  as  part  of  this  Annual  Report. 
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SUMMARY  OF  STUDIES  CARRIED  OUT  UNDER  CONTRACT  NO.  DADA  17-69-C-9104 


ON 


WR-184, 806-AH  (BN:  BD-99,078):  ITS  ACTIVITIES  AGAINST  ESTABLISHED 

INFECTIONS  WITH  PLASMODIUM  FAI.CIPARUM  AND  PLASMODIUM  VIVAX 
IN  THE  OWL  MONKEY  (AOTUS  TRIVIRGATUS) 


Southern  Research  Institute 
2000-Ninth  Avenue  South 
Birmingham,  Alabama  35205 
December  9,  1974 


Project  2284-XXIl 
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WR-184. 806-AH  (BN;  BD-99,078);  ITS  ACTIVITIES  AGAINST  ESTABIISHED 
INFECTIONS  WITH  PLASMODIUM  FAICIPARUM  AND  PLASMODIUM  VIVAX 
IN  THE  OWI,  MONKEY  (AOTUS  TRIVIRGATUS) 

INTRODUCTORY  COMMENT 


WR-1 84 , 806-AA*  [a- ( ter t-butylaminoethyl ) -2, 8-bis- 
( trif luoromethyl) -4-quinolinemethanol,  hydrochlor ide J ranked 
high  among  the  quinol inemethanols  with  respect  to  activity 
against  infections  with  Plasmodium  berghei  in  the  mouse  (Rane 
Model).  The  above  compound  also  exhibited  a high  order  of 
activity  against  infections  with  P.  falciparum  in  the  owl 
monkey  ( Aotus  tri virgatus ) . In  pilot  evaluations  in  this 
latter  model,  the  activities  of  WR-1 84 . 806-AA  against  infec- 
tions with  the  pyrimethamine-resistant  Malayan  Camp-CH/Q 
strain,  the  chloroquine-resistant  Vietnam  Oak  Knoll  strain, 
and  the  multi-drug  resistant  (pyrimethamine,  chloroquine, 
quinine)  Vietnam  Smith  strain,  far  exceeded  the  activities 
of  its  earlier  relative.  WR-30.090**,  and  fell  only  slightly 
short  of  the  activities  of  WR-142,490^,  the  most  effective 
of  the  quinolinemethanols  studied  to  date. 

The  comparative  activities  of  these  three  quino- 
linemethanols. as  exhibited  in  pilot  evaluations  in  owl 
monkeys  infected  with  the  above  strains,  are  set  forth  in 
Table  1.  The  results  of  these  assessments,  together  with 


* WR-184. 806-AA  (BN;  BB-52,137  ). 

* * WR-30.  090  (^-  (7  di-N-butyl ) -aminoe  thylJ-2-  ( 3 . 4 -dich loro- 

phenyl)  -6 . 8-dichloro-4-quinolinemethanol,  hydrochloride^ 
has  exhibited  significant  activity  against  _P.  falciparum 
infections  in  hviman  volunteers  and  in  the  field. 

t WR-142,490  Qv- (2-piper idyl ) -2 , 8-bJ^- ( tri f luoromethyl ) -4 - 
quinol inemethanol . hydrochlori de^]  has  exhibited  striking 
activity  against  infections  with  £.  falciparum  in  human 
volunteers. 
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the  results  of  special  toxicity  studies  pursued  elsewhere, 
led  to  the  decision  to  evaluate  the  tolerability  and  antima- 
larial  properties  of  WR-184,806  in  human  volunteers.  Prior 
to  embarking  on  these  investigations,  attempts  were  made  to 
acquire  a salt  of  WR-184,806  with  greater  solubility  and 
better  shelf  life  than  the  hydrochloride.  These  efforts  led 
to  preparation  of  the  phosphate  salt  which  exhibited  physi- 
cal characteristics  superior  to  those  of  the  hydrochloride. 
This  finding  led  to  manufacture  of  a batch  lot  of  WR-184.806 
phosphate  for  ultimate  use  in  human  volunteers  and  in  pilot 
field  studies.  New  drug  development  regulations  made  it 
necessary  to  examine  this  lot  for  antimalarial  activity  and 
toxicity.  This  Report  is  concerned  with  the  examination  for 
antimalarial  activity. 

The  investigations  summarized  below  had  multiple 
objectives;  first  and  primarily,  to  assess  the  bioavaila- 
bility of  the  preparation  of  the  phosphate  salt  destined  for 
clinical  trials;  secondly,  to  determine  the  influence  of  the 
dosage  regimen  on  the  activity  of  this  salt;  and  thirdly,  to 
examine  the  tolerability  and  efficacy  of  WR-184,806  phosphate 
delivered  via  the  intravenous  route.  These  evaluations  were 
carried  out  in  owl  monkeys  bearing  infections  with  the  Viet- 
nam Oak  Knoll  and  Vietnam  Smith  strains  of  £.  falciparum  and 
the  Vietnam  Palo  Alto  strain  of  P.  vivax. 
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METHODS  AND  PROCEDURES 

The  data  summarized  in  this  Report  were  derived 
from  the  seven  separate  experiments  listed  below. 

1.  May  Z8,  1974  - Vietnam  Oak  Knoll  strain, 

P^.  falciparum. 

2.  June  12,  1974  - Vietnam  Oak  Knoll  strain, 

falciparum. 

3.  May  31,  1974  - Vietnam  Smith  strain, 

P^.  falciparum. 

4.  June  28,  1974  - Vietnam  Smith  strain. 

£.  falciparum. 

5.  May  10,  1974  - Vietnam  Palo  Alto  strain, 

P.-  vi  vax. 

6.  June  14,  1974  - Vietnam  Palo  Alto  strain, 

£.  vi  vax. 

7.  July  26.  1974  - Vietnam  Palo  Alto  strain, 

£.  vi vax. 

The  same  preparation  of  WR-184,806,  designated 
WR-1 84 . 806 -AH  phosphate.  BN;  BD-99, 078,  was  used  in  each  of 
the  above  experiments.  The  base  content  of  this  sal t was 
80  per  cent. 


I 
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The  following  experimental  procedures  were  common 
to  all  of  the  studies.  Owl  monkeys,  imported  directly  from 
the  Barranquilla  area  of  Colombia,  were  used  exclusively. 

These  subjects  were  vaccinated  against  Herpes  tam.arinus  and 
Herpes  s implex  and  conditioned  for  a minimum  sixty-day  period, 
via  procedures  detailed  elsewhere  (Transactions  of  the  Royal 
Society  of  Tropical  Medicine  and  Hygiene,  67  :446-7-t.  197  3). 

They  were  then  assigned  to  assessments  of  the  activities  of 
WR-184,806  against  infections  with  either  the  Vietnam  Oak 
Knoll  or  Vietnam  Smith  strains  of  P^.  falciparum.  Monkeys 
previously  infected  with  these  or  other  strains  of 
P_.  falciparum,  and  cured  via  application  of  appropriate  drugs 
other  than  WR-184,806,  were  assigned  to  assessments  of  the 
activity  of  this  quinolinemethanol  against  infections  with 

•k  k if 

the  Vietnam  Palo  Alto  strain  of  P,  vi vax  ’ 


k 

The  responses  of  infections  with  the  three  test  strains 
to  currently  available  antimalarial  .drugs  have  been  detailed 
elsewhere  (Transactions  of  the  Royal  Society  of  Tropical 
Medicine  and  Hygiene,  67:446-74,  1973).  In  brief,  infections 

with  the  Vietnam  Oak  Knoll  strain  are  fully  resistant  to 
treatment  with  maximum  tolerated  doses  of  chloroquine  and 
quinine,  but  are  susceptible  to  treatment  with  pyrimethamine 
or  progv'.anil.  Infections  with  the  Vietnam  Smith  strain  are 
fully  resistant  to  treatment  with  each  of  the  above  drugs. 
Infections  with  the  Vietnam  Palo  Alto  strain  are  susceptible 
to  treatment  with  chloroquine  or  quinine,  but  are  resistant 
to  pyrimethamine  or  proguanil, 

★ k 

The  owl  monkey  closely  resembles  man  in  that  previous  or 
current  infection  with  falciparum  does  not  alter  suscepti- 
bility to  infection  with  P^.  vi  vax  or  vice  versa.  This  makes 
it  possible  to  utilize  an  animal  for  evaluating  the  activity 
of  a drug  against  infections  with  £.  falciparum  and  when  cure 
is  assured,  to  assign  the  same  monkey  to  assessment  of  the 
activity  of  a different  drug  against  infection  with  P^,  vi  vax. 
Such  multiple  use.  which  is  a routine  in  our  chemotherapeu- 
tic program,  reduces  operational  costs  and  conserves  numbers 
of  monkeys  that  must  be  imported  for  these  therapeutic 
assessments. 
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Groups  of  26  to  42  monkeys  were  utilized  in  the 
various  experiments.  Infections  were  induced  by  the  intra- 
venous inoculation  of  5 x 10^  erythrocytic  parasites  derived 
from  monkeys  of  the  passage  lines  of  the  various  strains. 
Measurements  of  parasitemias  on  thick  and  thin  blood  films 
stained  with  Giemsa  were  initiated  three  days  after  inocula- 
tion. at  which  time  thick  blood  films  were  invariably  posi- 
tive. Thick  and  thin  blood  films  were  prepared  daily  there- 
after until  densities  of  10  to  50  parasites  per  lo'  erythro- 
cytes** were  attained.  At  this  time  treatment  with 
WR-184,806  was  started,  for  some  subjects  orally,  for  others 
via  the  intravenous  route.  In  the  former  case,  the  requi- 
site dose  of  the  compound  (always  calculated  as  base  equiv- 
alent) dissolved  in  10  ml  of  distilled  water,  was  delivered 
by  stomach  tube,  followed  by  a 3 ml  water  rinse.  When  admin- 
istered intravenously,  WR-184,806,  dissolved  in  sterile  dis- 
tilled water  in  a concentration  of  10  mg  base  per  ml,  was 
injected  into  the  mid-saphenous  vein  at  the  rate  of  1 0 mg 
per  kg  per  minute.  Irrespective  of  route  of  delivery. 
WR-184,806  was  administered  within  one  hour  of  solution 
preparation. 


The  passage  lines  of  the  Vietnam  Oak  Knoll  and  Vietnam 
Smith  strains  of  P^.  falciparum  are  maintained  by  serial  trans- 
fer of  parasitized  erythrocytes  through  normal  untreated  ow] 
monkeys  every  seven  to  ten  days.  The  passage  line  of  the 
Vietnam  Palo  Alto  strain  of  vi vax  is  maintained  by  serial 
transfer  every  twenty-one  to  twenty-eight  days.  Inocula  tor 
the  chemotherapeutic  studies  are  obtained  by  appropriate 
dilution  in  iced  saline  of  heparinized  blood  drawn  from  a 
passage  monkey.  Dilutions  for  the  strains  of  £.  falciparum 
varied  from  1:100  to  1:200;  dilutions  for  the  strain  of 
P.  vi  vax  varied  from  1:10  to  1:20. 

**  Such  densities  are  equivalent  to  parasite  populations  of 
5,000  to  25.000  per  cmm  of  blood. 
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The  parasitic  response  to  treatment  was  assessed  on 
thick  and  thin  blood  films  stained  with  Giemsa.  Such  films 
were  prepared  just  prior  to  drug  delivery  during  the  treat- 
ment period  and  daily  thereafter  until  thick  films  were  para- 
site negative  for  at  least  four  consecutive  days.  Film 
preparation  and  study  were  then  reduced  to  a twice-weekly 
level  (Monday  and  Thursday  or  Tuesday  and  Friday)  for  two 
consecutive  weeks,  and  if  negative  during  this  interval,  to 
a once-weekly  level  for  ten  additional  weeks.  Infections 
were  considered  cured  if  blood  films  were  negative  during 
the  entire  period. 

If  parasitemias  persisted  at  the  initial  or  even 
lower  levels,  or  increased  in  intensity  during  delivery  of 
WR-184,806,  or  if  there  was  a reappearance  of  parasites  after 
an  apparent  blood-negative  interval,  a second  drug  course  was 
delivered,  either  at  a higher  dose  via  ^he  same  regimen  or  at 
the  same  dose  via  a different  regimen.  Whenever  an  infectioi. 
was  retreated  either  early  or  late,  an  r was  added  to  the 
Atr  number.  Thus  the  number  of  r's  following  a monkey  number 
indicates  the  number  of  retreatment  courses  the  animal  has 
received.  This  procedure  has  two  advantages:  (1)  it  expands 

the  information  on  drug  activity  that  can  be  obtained  via  use 
of  a single  monkey;  and  (2)  it  can  signal  the  emergence  of 
drug  resistant  plasmodia,  if  such  appear,  and  the  rapidity 
with  which  this  undesirable  event  occurs. 

In  all  of  the  studies,  attention  was  directed  to 
the  impacts  of  the  drug  on  the  normal  development  of  the 
parasite  as  indicated  by  alterations  in  morphology.  This 
focus  provided  a gauge  of  the  rapidity  with  which  WR-18-1.80t. 
affected  parasite  growth  and  the  type  of  activity  which  this 
agent  possesses. 
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Every  experiment  included  at  least  one  untreated 
control  monkey  and  one  monkey  treated  with  either  chloro- 
quine  or  pyrimethamine.  Inclusion  of  these  subjects  made 
it  possible  to  monitor  the  virulence  and  chemotherapeutic 
stability  of  the  parasites  in  each  inoculum  and  thereby 
guard  against  loss  of  virulence  or  change  in  response  to 
"standard  drugs". 


RESULTS 

The  results  of  the  seven  experiments  which  form 
the  basis  of  this  Report  have  been  sumirarized.  monkey-by- 
monkey,  in  Tables  2 through  13.  The  activities  of 
WR-184,806  administered  via  the  oral  route  are  set  forth  in 
Tables  2 through  7 ; activities  achieved  via  intravenous 
delivery  in  Tables  8 through  13.  In  each  set,  the  even  num- 
bered tables  detail  the  effects  of  drug  treatment  on  parasi- 
temia; the  odd  numbered  tables  assess  the  ultimate  response 
to  drug  delivery.  No  discussion  of  these  data  will  be  under- 
taken here.  They  are  included  for  reviewer  analysis  and 
independent  validation  of  conclusions  drawn  from  overall 
summaries  contained  in  Tables  14  and  15. 

Table  14  sums  up  the  activities  of  various  dosage 
schedules  of  WR-184,806.  administered  orally,  against  infec- 
tions with  diverse  strains  of  P^.  falciparum  and  vi vax. 

The  data  show  that  the  curative  activity  of  this  compound 
was  a function  of  the  total  dose.  For  example,  a single  dose 
of  70.  0 mg  per  kg  achieved  the  same  end  result  in  monkeys 
infected  with  the  Smith  strain  as  three  daily  doses  of  24. 0 
mg  per  kg  or  seven  daily  doses  of  10.0  mg  per  kg.  Measured 
by  rapidity  of  control  of  parasitemia,  single  doses  wore 
more  effective  than  divided  doses  in  subjects  infected  with 
the  .Smith  strain  of  falciparum  and  Palo  Alto  strain  of 
P.  vi  vax. 
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The  data  in  Table  11  also  show  that  there  wore  strain 
and/or  species  variations  in  the  therapy -ut i c effectiveness 
of  WR-184,80f)  phosphate,  just  as  there  were  in  the  effective- 
ness of  the  hydrochloride  salt  (cf  Table  1).  Thus,  the  total 
doses  that  were  uniformly  curative  were  17.5.  35.0.  and  70.0 
mg  per  kg,  respectively,  for  infections  with  the  Palo  Alto 
strain  of  £.  vi vax  and  the  Oak  Knoll  and  Smith  strains  of 
P.  falciparum.  As  related  elsewhere  in  this  Report,  each  of 
these  strains  had  a different  spectrum  of  response  to  chloro- 
quine,  quinine,  and  pyrimethamine.  However,  no  particular 
spectrum  seemed  to  be  a determinant  of  the  effectiveness  of 
WR-184,806.  The  responsiveness  of  infections  with  the  pyri- 
methamine-resistant Palo  Alto  strain  and  the  chloroquine- 
resistant  Oak  Knoll  strain  indicates  that  the  activity  of 
WR-184,806,  like  that  of  its  older  relatives  WR-30, 090  and 
WR-142,490,  was  not  compromised  by  either  pyrimethamine  or 
chloroquine  resistance. 

Table  15  sums  up  the  results  achieved  when  WR-184.80i 
was  administered  intravenously.  Two  regimens  were  compared; 
a single  dose  and  three  equal  daily  doses.  The  results  show 
that  a high  proportion  of  cures,  approaching  100  per  cent, 
were  achieved  when  total  doses  of  20.0  mg  per  kg  were  deliv- 
ered to  monkeys  infected  with  either  the  Oak  Knoll  strain  of 
P^.  falciparum  or  the  Palo  Alto  strain  of  P^.  vi  vax.  Although 
the  data  on  these  strains  are  limited,  there  is  a suggestion 
that  WR-184,806  delivered  in  a single  dose  of  20.0  mg  per  kg 
was  more  effective  than  three  doses  of  6.67  mg  per  kg  deliv- 
ered on  consecutive  days. 

As  shown  in  Table  15,  WR-184,806  was  substantially 
less  effective  against  infections  with  the  Smith  strain  of 
£,  falciparum,  than  it  was  against  infections  with  the  Oak 
Knoll  strain.  Thus,  doses  of  20.0  mg  per  kg  effected  cure 
of  11  of  15  infections  with  the  Oak  Knoll  strain  and  but  3 
of  12  infections  with  the  Smith  strain.  Even  doses  of  30.0 
mq  per  kg  cured  but  9 of  1(>  infections  with  the  latter  strain. 
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The  therapeutic  effectiveness  of  larger  doses  was  not  assessed 
because  preliminary  studies  in  discarded  owl  monkeys  showed 
that  rapid  delivery  of  single  doses  of  40.  0 mg  per  kg  and 
greater  produced  severe  convulsions  which  in  some  subjects 
terminated  fatally.  This  acute  toxic  reaction  to  WR-18-1.80(i 
did  not  occur,  however,  when  doses  as  great  as  80.  0 mg  per 
kg  were  infused  intravenously  over  a 20  minute  period.  This 
latter  observation  could  be  significant  in  view  of  its  rele- 
vance to  the  procedures  usually  employed  in  delivering  drugs 
parenterally  to  man. 

There  is  at  presetit  no  documented  explanation  for 
the  finding  that  WR-181.80C)  is  less  effective  against  infec- 
tions with  the  Smith  strain  of  P.  falciparum  than  against 
infections  with  the  Oak  Knoll  strain  of  this  plasmodium  or 
the  Palo  Alto  strain  of  P^.  v i vax.  It  is  possible  that  the 
various  parasitic  stages  of  the  Smith  strain  are  inherently 
less  susceptible  to  this  qu i nol inemethanol  than  correspond- 
ing stages  of  the  other  strains.  This  possibility  might  be 
evaluated  by  assessing  strain  susceptibility  iji  vitro.  An 
alternate  explanation  for  the  lesser  activity  of  WR-184.806 
against  infections  with  the  Smith  strain  may  be  related  to 
degree  of  sequestration  of  more  mature  parasitic  stages  in 
blood  vessels  outside  of  the  peripheral  circulation.  This 
sequestration,  also  found  in  human  infections  with  many 
strains  of  P.  falciparum,  is  extremely  marked  in  the  early 
phases  of  infections  with  the  Smith  strain,  but  is  not  a 
prominent  feature  of  infections  with  the  Oak  Knoll  strain 
at  the  corresponding  stage.  Such  sequestration  may  provide 
a form  of  pharmacologic  sanctuary. 

Although  evaluation  of  the  toxicity  of  WR-184,R0(> 
was  not  a part  of  this  study,  it  is  noteworthy  that  no  imme- 
diate or  delayed  untoward  effects,  attributable  to  this 
quinol inemethanol , were  encountered  in  any  treated  subject. 

The  absence  of  toxic  symptoms  suggest  that  therapeutic  bene- 
fits of  WR-184.806  were  attainable  without  significant  cost 
in  host  toxicity.  This  compound  probably  has  a very  accept- 
able therapeutic  index.  souTMtHN  hisiarcm  instituh 
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SUMMARY  AND  CONCLUSIONS 

WR-1 84 , 806 -AH  (BN:  BD-99,078),  the  phosphate  salt 
of  a-{  tert-butylaminoethyl ) - 2 , 8 -bis  - ( tr  i f luoroinethy  1 ) -4- 
quinolinemethanol,  has  been  evaluated  for  activity  in  owl 
monkeys  ( Aotus  trivirgatus)  bearing  established  infections 
with  the  Vietnam  Oak  Knoll  and  Vietnam  Smith  strains  of 
P^,  falciparum  and  the  Vietnam  Palo  Alto  strain  of  iP.  vi vax. 
This  evaluation  has  included  comparisons  of  the  effective- 
ness of  various  dosage  regimens  of  WR-1 84 , 806 -AH  administered 
either  orally  or  intravenously.  Following  are  the  more  sig- 
nificant results  of  this  investigation: 

1.  When  administered  orally,  WR-1 84 , 806 -AH  regu- 

larly cured  infections  with  the  various  strains  at 
the  following  total  doses  (base  equivalent) : Oak 

Knoll  - 35.0  mg/kg  body  weight;  Smith  - 70.0  mg/kg 
body  weight;  Palo  Alto  - 17.  5 mg/kg  body  weight. 

2.  At  uniformly  curative  levels  (ca  CDgg) , single 
dose,  three  consecutive  daily  dose,  and  seven  con- 
secutive daily  dose  regimens  of  WR-184,806  were 
essentially  equally  effective.  There  was  a sugges- 
tion, however,  that  the  time  required  for  parasite 
clearance  was  shorter  with  single  doses  than  when 
the  same  total  dose  was  delivered  in  equal  fractions 
on  seven  consecutive  days. 

3.  When  administered  intravenously,  WR-184,806 
regularly  cured  infections  with  the  various  strains 
at  the  following  total  doses  (base  equivalent): 

Oak  Knoll  - 20.0  mg/kg  body  weight;  Smith  - ca  30.0 
mg/kg  body  weight;  Palo  Alto  - '’10.0  <20.0  mg  kg 
body  weight. 
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•t.  On  a dose- for-dose  comparison,  WR- 1 84 , 806 -AH 
appeared  to  be  slightly  more  effective  when  admin- 
istered intravenously  than  when  delivered  orally. 

Comparison  of  the  above  results  with  those  obtained 
in  earlier  pilot  studies  indicates  that  the  phosphate  salt  of 
WR-184,806  is  at  least  as  effective  as  the  hydrochloride  salt 
(WR-1 84 , 806 -AA, BN:  BB-52,137)  and  possibly  slightly  superior. 

Comparison  of  the  data  acquired  in  the  current 
study  with  those  of  even  more  extensive  studies  on  WR-142,490 
[o- (2-piperidyl) -2, 8-bis- ( trif luoromethyl ) -4-quinolinemethanol , 
hydrochloride ^ indicates  that  the  activities  of  WR-1 84 , 806 -AH 
are  only  slightly  inferior  to  those  attained  with  WR-142,490, 
the  most  effective  of  the  quinolinemethanols  evaluated  to  date 
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TABLE  1 

PILOT  ASSESSMENTS  OF  THE  ACTIVITIES  OF  WR-30, 090,  WR-142,490,  AND 
WR-184,806  against  INFECTIONS  WITH  THE  MALAYAN  CAMP-CH/Q, 
VIETNAM  OAK  KNOLL,  AND  VIETNAM  SMITH  STRAINS  OF  £.  FALCIPARUM 


Compound 
WR-  No. 

Daily  Dose  - Mg 
Cure 

Base*/Kg  Body  Weight  Required  for 
of  Established  Infections 

Malayan  Camp-CH/Q 

Vietnam  Oak  Knoll 

Vietnam  Smith 
1 

30,  090 

ca  40.  0 

10.  0 

ca  40.  0 

142,490 

1 

3.  125 

3.  125 

5.  0 

184, 806 

5.0 — >10.0^  1 

1 

5.0 — »I0.  ot 

10.  0 

* Each  of  the  test  compounds  was  administered  as  the  hydrochlo- 
ride salt  - WR-30, 090  as  a suspension  in  O. 5%  aqueous  Tween  80, 
WR-142,490  and  WR-184,806  as  aqueous  solutions. 

^ The  accuracy  of  these  assessments  was  compromised  by  early 
post-treatment  deaths  - probably  due  to  an  intercurrent  infec- 
tion of  unknown  etiology. 
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Dosage  Regimen  Parasitemia  - No.  Parasi tes/lO**  Erythrocytes 
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IX.  PILOT  assessmi:nts  of  the  activities  of 
POTENTIALLY  CURATIVE  DRUGS 

This  section  has  been  divided  into  five  compartments 
to  facilitate  analysis  and  discussion  of  data  presented  in 
corresponding  groups  of  tables.  Except  for  the  first  compart- 
ment, which  is  concerned  with  observations  on  a chemically 
heterogeneous  group  of  agents,  the  other  four  are  built  about 
studies  on  specific  chemical  classes;  the  1,  5-naphthyridines, 

6 -aminoquinolines,  7-aminoquinolines,  and  8-aminoquinolines. 

In  order  to  place  the  investigations  of  the  past  year  in  per- 
spective with  the  overall  search  for  curative  drugs,  data  have 
been  presented  on  all  derivatives  examined  in  the  Department 
of  the  Army  Malaria  Chemotherapy  Program  for  capacity  to  cure 
established  infections  in  rhesus  monkeys  inoculated  with  sporo- 
zoites of  the  B strain  of  cynomolgi.  Compounds  tested  prior 
to  the  period  covered  by  this  Report  have  been  identified  by 
a dagger  suffix  to  the  WR-  code  number,  placed  in  the  first 
column  of  each  table. 

The  pilot  studies  followed  the  general  procedural 
pattern  developed  several  years  ago.  Except  when  an  8-amino- 
quinoline  was  under  study,  or  where  there  were  already  known 
toxicologic  contraindications,  the  evaluation  began  with  de- 
livery of  the  test  compound  in  a dose  of  1.  0 mg  base  (or  acid) 
per  kg  body  weight,  daily  for  seven  days  ( together  with  Z.  5 mg 
chloroquine  base  per  kg)  to  a single  monkey  with  a developed 
sporozoite-induced  infection.  If  this  regimen  failed  to  cure, 
the  dose  of  the  test  compound  was  increased  to  10.  0 mg  per  kg 
and  administered  to  either  the  animal  treated  originally  or  to 
another  monkey  with  an  active  infection.  If  this  larger  dose 
proved  to  be  non-curative,  the  evaluation  of  the  now  agent  was 
terminated  at  this  point.  If  cure  was  achieved  with  the  orig- 
inal dose  of  1.0  mg  per  kg,  an  attempt  was  made  simultaneously 
to  (a)  confirm  this  result  and  (b)  to  ascertain  the  activity  of 
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.1  daily  Jose  of  0.  5 mg  per  kg.  Because  of  limited  activity, 
the  appraisals  of  new  agents,  other  than  certain  8-auainoquin- 
olines,  almost  always  ended  at  this  point.  Wlien  an  8-amino- 
quinoline  was  under  investigation,  the  evaluation  was  usually 
initiated  at  a test  dose  of  0.  5 mg  base  per  kg  body  weight. 
This  lower  starting  point  was  selected  because  each  agent  was 
first  looked  upon  as  a competitor  of  primaquine  which  has  a 
CDgo  at  the  0.  5 mg  per  kg  level.  If  cure  was  not  attained 
with  this  dose,  a second  infection  was  treated  with  1.  0 mg 
per  kg  doses  whenever  time,  compound,  and  infected  monkey 
availability  permitted.  If  a dose  of  1.  0 mg  per  kg  was  not 
curative,  the  evaluation  of  the  test  agent  was  usually  ter- 
minated. If  the  0.5  mg  per  kg  dose  was  curative  (or  appeared 
to  be  curative),  the  activities  of  0.  Z5,  0.  125,  or  0.  06  25  mg 
per  kg  doses  were  examined  in  stepwise  order  with  attempted 
confirmation  of  the  activity  of  what  appeared  to  be  the  least 

-I  * 

curative  dose  . 

A.  Compounds  Of  Diverse  Structure 

Ten  agents  of  varied  structure  were  examined  de  novo 
for  radical  curative  activity  during  the  period  covered  by 
this  Report  (cf  Table  24).  Three  of  the  agents,  WR-3,  396 
(an  organic  tin  derivative),  WR-124,  892  ( valinomycin) , and 
WR-191, 994  (cordycepin)  were  studied  because  of  their  capac- 
ities to  inhibit  oxidative  phosphorylation.  Two  compounds, 
WR-102, 796  and  WR-124,  905,  were  evaluated  because  of  their 
anticoccidial activi ties.  The  remaining  five  agents,  includ- 
ing WR-12,  921,  WR-13,  255,  WR-25,  981,  WR-218,  575,  and  WR-219,  124, 
wore  submitted  for  study  primarily  because  of  chemical  novelty. 


★ 

In  all  studies,  cure  of  an  established  infection  was 
synonymous  with  the  absence  of  parasitemia  for  fifteen  or 
more  consecutive  weeks  after  deliv’ory  of  the  last  dose  of 
the  test  compound. 
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As  the  data  summarized  in  Table  24  show,  none  of 
these  compounds  exhibited  radical  curative  activity  at  daily 
doses  up  to  and  including  10.  0 mg  base  or  acid  equivalent 
per  kg  body  weight.  Two  compounds,  WR-102,796  and  WR-12,  921, 
although  not  curative,  produced  profound  extensions  of  the 
relapse  intervals,  far  beyond  anything  attainable  with  chlo- 
roquine.  WR-102,  796  is  a hydroxyquinoline ; its  capacity  to 
suppress  multiplication  of  the  blood  schizonts  of  £.  cynomolgi 
for  long  periods  was  described  in  some  detail  in  an  earlier 
Annual  Report.  WR-12,  921,  although  defined  chemically  as  a 
diaza-anthracene,  can  also  be  looked  on  as  either  a 4-amino- 
quinoline  derivative  with  chloroquine  as  a component  of  the 
molecule  or  as  a aza-quinacrine.  The  data  bearing  on  the 
long  term  suppressive  activity  of  this  compound  are  limited 
to  studies  on  two  monkeys.  These  observations  merit  extension. 
If  confirmed,  itwouldbe  important  to  determine  whether  WR-12,  921 
is  effective  against  infections  with  a chloroquine-resistant 
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3.  1, 5-Naphthyridines 


None  of  the  three  naphthyridine  derivatives  (WR-Z17,  125, 
WR-210,  442,  and  WR-216,010),  evaluated  during  the  Report  period 
(cf  Table  25),  exhibited  evidence  of  curative  activity.  As  a 
class,  these  compounds  have  not  been  promising.  Only  one  of 
the  ten  members  of  this  series  examined  to  date  (WR-206,  287) 
has  exhibited  curative  activity  at  daily  doses  of  10.  0 mg  per 
kg  body  weight.  Unfortunately,  the  limited  availability  of 
this  compound  (the  only  6-OH  substituted  compound  examined  to 
date)  precluded  confirmation  or  extension  of  this  observation. 
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PILOT  ASSESSMENTS  OF  THE  RADICAL  CURATIVE  ACTIVITIES  OF  A GROUP  OF  1,  5-NAPHTHYRIDINE  DERIVATIVES 
AS  EXHIBITED  IN  RHESUS  MONKEYS  INFECTED  WITH  SPOROZOITES  OF  THE  B STRAIN 

OF  PLASMODIUM  CYNOMOLGI 


202, 928 
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Dose  adrriini stared  via  stomach  tube,  once  daily  for  seven  days  with  chloroquine  at  a dose  of 
mg  base  per  kg  body  weight. 
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C.  6 -Aminoquinolines 


Five  newly  prepared  representatives  of  this  series 
were  evaluated  for  curative  activity  (Table  16).  Results 
obtained  on  four  of  these  compounds  were  entirely  negative 
at  daily  doses  up  to  and  including  10.0  mg  base  per  kg  body 
weight.  The  results  obtained  on  the  fifth  compound  (WR-117,  161) 
are  perplexing.  A single  cure  was  obtained  in  one  of  the 
three  recipients  of  daily  doses  of  1.  0 mg  base  per  kg  body 
weight.  This  favorable  result,  obtained  against  a primary 
attack,  contrasts  with  complete  treatment  failures  in  two 
other  recipients  of  1.  0 mg  per  kg  doses  and  in  a single 
recipient  of  doses  of  3.  33  mg  per  kg. 

To  date,  studies  on  the  6 -aminoquinolines  have 
been  disappointing.  Of  the  sixteen  compounds  evaluated,  two 
(Ni-147/36  and  WR-188,  438)  have  exhibited  unequivocal  cura- 
tive activity.  Unfortunately,  this  favorable  action  was  ob- 
tainable only  at  the  maximum  tolerated  doses.  At  one-half 
this  dose  level,  there  was  no  sign  of  curative  potential. 
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administered  via  stomach  tube,  once  daily  for  seven  days  with  chloroquine  at  a dose  of 
e per  kg  body  weight. 


D. 


7 -Aminoquinolines 


Of  the  six  7 -aminoquinoline  derivatives  examined 
during  the  Report  period  (Table  27),  five  showed  no  evidence 
of  curative  activity.  The  results  with  the  sixth  compound 
(WR-213,  640)  were  equivocal,  but  suggested  that  this  agent 
might  have  borderline  curative  activity.  Infections  were 
cured  in  one  recipient  of  daily  doses  of  1.  0 mg  per  kg  and 
in  the  second  recipient  of  doses  of  10.  0 mg  per  kg.  In  two 
other  infected  subjects  (one  receiving  1.  0 mg  per  kg  doses, 
the  other  10.0  mg  per  kg),  the  relapse  intervals  were  sig- 
nificantly prolonged.  Opposed  to  this,  was  the  absence  of 
any  sign  of  curative  activity  in  five  other  subjects.  There 
is  no  clear  explanation  for  these  variable  responses. 

The  variety  of  7 -aminoquinoline  derivatives  examined 
to  date  has  been  extremely  limited.  It  would  be  desirable  to 
have  a much  broader  experience  before  concluding  that  this  class 
either  has  or  does  not  have  curative  potential.  Agents  in  this 
group  are  clearly  better  tolerated  than  their  counterparts  among 
the  6 -aminoquinolines. 


administered  via  stomach  tube,  once  daily  for  seven  days  with  chloroqu 
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E.  8-Aminoquinolines 

Firty-one  8-aminoquinolines  were  evaluated  for 
radical  curative  properties  during  the  period  covered  by  this 
Report.  The  results  of  these  pilot  assessments  have  been  sum- 
marized in  Table  28,  along  with  the  results  of  similar  apprais- 
als of  83  related  derivatives  carried  out  in  preceding  contract 
years.  To  facilitate  discussion  of  the  results,  these  134  de- 
rivatives have  been  arranged  in  thirteen  compartments  according 
to  the  location  of  substituents  on  the  quinoline  nucleus.  The 
analysis  that  follows  is  restricted  to  those  nine  compartments 
which  contained  agents  first  evaluated  during  the  current  Report 
period. 

1.  Derivatives  with  substituents  at  position  6 

The  six  newly  studied  compounds  in  this  category  in- 
cluded WR-29,  633,  WR-186,370,  WR-215,  730,  WR-27,757,  WR-214,420, 
and  WR-152,  149.  None  exhibited  activity  equal  or  superior  to 
that  of  primaquine  (WR-2,97  5).  WR-29,  633  and  WR-186,370  had  a 

6 -hydroxy ethoxy  substituent  in  common,  but  differed  from  each 
other  with  respect  to  the  alkyl  group  separating  the  side  chain 
nitrogens?  WR-29,  633  had  an  n-propyl  group,  WR-186,370,  a 1- 
methylbutyl  group.  Neither  derivative  displayed  curative  activ- 
ity at  daily  doses  of  10.0  mg  per  kg.  WR-215,  730  and  WR-27,757 
had  6-methoxy  substituents  in  common,  but  differed  with  respect 
to  (a)  the  alkyl  group  separating  the  side  chain  nitrogens ; and 
(b)  the  substituent  on  the  terminal  amino  group.  Neither  com- 
pound exhibited  curative  activity  at  the  largest  dose  tested. 
WR-214,  420,  the  n-propyl  analog  of  pentaquine,  was  inactive 
at  a dose  of  0.  5 mg  per  kg.  The  evaluation  of  WR-152,  149,  a 
structural  isomer  of  primaquine  (designated  Quinocide),  is 
quite  incomplete.  Even  so,  this  compound  appears  to  be  less 
active  than  primaquine,  a finding  consistent  with  appraisals 
in  human  volunteers  carried  out  twenty  years  earlier. 
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2.  Derivatives  with  substituents  at  positions  2 and  6 


Eight  derivatives  were  added  to  this  compartment. 

They  included  WR-213,  47 2,  WR-218,  669,  WR-217,  154,  WR-217,  124, 
WR-212,  216,  WR-216,893,  WR-199,  368,  and  WR-217,  038 ; each  had 
a methoxy  substituent  at  position  6.  The  first  six  of  these 
compounds  carried  the  primaquine  side  chain  at  position  8. 
WR-199,  368  had  a 7 -amino-n-hepty lamino  side  chain,  WR-217,  038 
a 3 -diethylamino-n-propy lamino  side  chain.  The  distinguishing 
moiety  in  this  group  of  compounds  was  the  substituent  at  posi- 
tion 2:  a methyl  group  in  the  case  of  WR-217,  038;  a hydroxy- 

methyl in  WR-213,  472;  a methoxy  in  WR-218,  669;  substituted  or 
unsubstituted  benxyloxy  groups  in  WR-217,  154,  WR-217,  124,  and 
WR-199, 368;  and  benzylthio  groups  in  WR-212,  216  and  WR-216,893. 
None  of  these  derivatives  was  as  active  as  primaquine  or  WR-182,  234 
(2-methyl  primaquine).  The  most  effective  of  these  compounds, 
WR-217,  154,  WR-217,  124,  WR-212,  216,  and  WR-217,  038,  exhibited 
curative  activity  at  a dose  of  1.  0 mg  per  kg,  twice  the  dose 
of  primaquine  or  2-methyl  primaquine  required  for  the  same 
result.  WR-199,  368  was  not  curative  at  a 1.  0 mg  per  kg  dose; 
WR-213,  472  and  WR-216,893  were  not  curative  at  a dose  of  10.0 
mg  per  kg.  The  assessment  of  the  activity  of  WR-218,  669  is 
currently  incomplete. 

3.  Derivatives  with  substituents  at  positions  3 and  6 

WR-211,  814  and  WR-211,  815,  the  first  3,  6 -substituted 
8-aminoquinolines  evaluated  in  this  Project,  had  3-methyl  and 
6 -methoxy  substituents  in  common.  They  differed  with  respect 
to  substituent  at  the  8-position.  WR-211,  814  carried  a prima- 
quine side  chain,  WR-211,  815,  an  isopentaquine  side  chain. 

Both  derivatives  were  less  active  than  primaquine,  but  were 
curative  at  doses  of  10.0  mg  per  kg.  Whether  they  could  com- 
pete with  primaquine  would  depend  upon  their  toxicity,  which 
has  not  been  examined  to  date. 
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4.  Derivatives  with  substituents  at  positions  4 and  6 


Twenty-three  new  representatives  of  this  class 
(approximately  two-fifths  of  all  8-aminoquinolines  studied  in 
thi s Report  period)  were  accorded  pilot  evaluations.  This  large 
addition  reflected  interests  generated  by  the  rediscovery  of 
the  superior  activity  of  WR-181,  023  {4-methyl  primaquine)  and 
the  abilities  of  collaborating  chemists  to  synthesize  targetted 
compounds  of  this  class.  Twenty-two  of  the  twenty-three  new 
derivatives  carried  methoxy  substituents  at  position  6;  the 
twenty-third  compound  (WR-217,  159)  had  a fluoro  substituent 
at  this  position.  The  dimensions  of  this  series  of  twenty-two 
agents  mal<e  it  possible  to  deal  effectively  with  two  important 
questions,  namely:  (1)  What  are  the  impacts  of  alterations 

in  the  8-amino  side  chain  on  the  curative  activity  of  4-methyl 
primaquine?  (2)  What  are  the  impacts  of  various  substitutions 
in  the  4-position  on  the  activity  of  primaquine? 

The  compounds  that  aided  in  answering  the  first 
question,  their  distinguishing  substituents  at  position  8, 
and  the  doses  at  which  they  exhibited  curative  activity  are 
listed  below: 

Compound 

WR-147,  778 
WR-136,  479 
WR-181,  023 
WR-215,  296 
WR-215,  761 
WR-218,  335 
WR-212,  6 24 
WR-212,  579 
WR-006,  028 

WR-006, 027 

WR-214,  787 
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8-Substituent 

2- amino-l-me  thy 1 e thy 1 amino 
4 -amino-n-buty lamino 
4-amino-l-methylbutylamino 
4 -amino -4 -me thy Ibuty lamino 
4 - amino -1-e thy Ibuty lamino 

4 - ami no- 4 -e thy Ibuty lamino 

5- amino-l-me thy Ipenty lamino 
5-amino-5-methylpentylamino 

3- isopropy lamino-n-propyl- 

amino 

2 - i sopropy 1 ami no - 1 -me  thy 1 
ethy lamino 

3 -diethyl£imino-2-methyl-2- 
hydroxypropy lamino 


Curative  Dose 
Mg/Kg 

10.  0 

>10.  0 

0.  25 

0.  25 

ca  0.  125 
ca  0,  5 

1.  0 
0.  25 

ca  1.  0 

> 1.  0 

10.  0 


-133- 


This  listing  identifies  five  compounds  with  activity 
equal  to  or  greater  than  that  of  primaquine,  and  four  agents 
with  activity  equal  to  or  greater  than  that  of  WR-181,  023  (4- 

methyl  primaquine).  All  of  these  agents  have  butylamino  or 
pentylamino  side  chains  with  unconventional  branching.  Within 
this  series,  however,  the  impacts  of  branching  were  irregular, 
making  broad  generalizations  impossible.  Apart  from  identifying 
the  impact  of  branching,  the  data  in  the  listing  point  to  the 
association  of  low  curative  activity  with  side  chains  contain- 
ing fewer  than  five  carbons  or  secondary  or  tertiary  terminal 
amino  groups. 

The  compounds  concerned  with  identifying  the  impacts 
of  variation  in  the  4-substituent  on  curative  activity,  their 
distinguishing  substituents,  and  the  doses  at  which  they  exhib- 
ited or  failed  to  exhibit  curative  activity  are  listed  below: 


Compound 

4 -Substituent 

Curative  Dose 
Mg/ Kg 

WR-214,  198 

-OH 

> 1.  0 

WR-181,  023 

-CH3 

0.  25 

WR-215,  300 

-CH2OH 

10.  0 

WR-211,  663 

-CH=CH2 

ca  0.  5 

WR-218,  806 

-CH2CH2CH3 

> 0,  5 

WR-218,  636 

-CH=CHCH3 

> 0.  5 

WR-218,  805 

-CH2CH2CH2CH3 

> 0.  5 

WR-218. 574 

-CH=CHCH2CH3 

> 1.  0 

WR-216,  837 

-CF3 

>10.  0 

WR-211,  975 

-CH2CH2-<^0^C1 

>10.  0 

WR-212,  293 

-NH2 

>10.  0 

WR-218, 573 

-NHCH3 

> 1.  0 

WR-217,  271 

-OCH3 

> 1.  0 

This  summary  shows  that  the  curative  activity  of  prima- 
quine was  not  enhanced  by  any  of  the  above  listed  substitutions. 
Only  one  agent  (WR-211,  663 ) with  a vinyl  substituent  at  position 
4 exhibited  curative  activity  approximating  that  of  primaquine. 
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The  status  of  the  twenty-third  1 , 6 -subs ti tuted  com- 
pound (WR-2 17 , 159) , the  6-fluoro  analog  of  i-methyl  primaquine, 
is  somewhat  uncertain.  No  curative  activity  was  exhibited  at 
doses  of  0.  125  or  0.  25  mg  per  kg;  one  of  three  infections  was 
cured  at  a dose  of  0.  5 mg  per  kg.  If  this  cure  was  valid,  it 
is  quite  likely  that  doses  of  1. 0 mg  per  kg  would  bo  regularly 
curative.  This  possibility  seems  worth  exploring;  first,  be- 
cause of  its  impact  on  the  dogma  that  a 6-methoxy  substituent 
is  a requisite  for  curative  activity  among  the  8-aminoquinolines ; 
secondly,  because  of  past  experience  showing  that  6-halogen  sub- 
stituted compounds  are  better  tolerated  than  those  with  6-methoxy 
substi  tuents. 

5.  Derivatives  with  substituents  at  positions  5 and  6 


Four  new  representatives  of  this  class  were  evaluated 
during  the  Report  period.  Each  differed  from  5-methoxy  prima- 
quine (WR-5990)  with  respect  to  substituent  at  position  5.  Two 
5-phenoxy  substituted  derivatives,  WR-216,  100  and  WR-215,  295, 
exhibited  curative  activity  equal  to  or  greater  than  that  of 
primaquine  and  approaching  the  activity  of  WR-181,  023.  The 
activity  of  the  5-ethoxy  derivative,  WR-218,  67  6,  approximated 
that  of  primaquine.  WR-184,  118,  a 5,  6 -ethy lenedioxy  congener, 
was  clearly  less  active  than  primaquine,  and  probably  more  toxic. 

6.  Derivatives  with  substituents  at  positions  6 and  7 


WR-215, 732  {7-methyl  primaquine),  the  first  and  only 
representative  of  this  class  submitted  for  study,  was  devoid 
of  curative  activity  when  administered  in  daily  doses  of  1.  0 
and  10.0  mg  per  kg.  Based  on  this  single  experience,  one  might 
suggest  that  there  is  little  future  in  6,  7 -substituted  compounds 
It  would  be  well  to  defer  such  a conclusion  until  a broad  ex- 
perience is  obtained  with  a variety  of  7 -substi tuents. 


ji 
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7.  Derivatives  with  substituents  at  positions  L,  1,  and  6 


Three  representatives  of  this  class  were  accorded 
pilot  evaluation.  These  included  WR-Zll,  533  and  WR-211,  990, 
the  2,  4-dimethyl  congeners  of  Plasmocid  and  pentaquine,  respec- 
tively. WR-211,  533  was  the  equal  of  primaquine  in  activity, 
with  a curative  dose  of  0.  5 mg  per  kg  body  weight,  and  appeared 
to  be  well  tolerated  at  a daily  dose  of  1.0  mg  per  kg.  WR-211,  990 
was  not  curative  at  a dose  of  1.  0 mg  per  kg,  but  was  lethal  at 
a dose  of  10.0  mg  per  kg.  This  compound  was  clearly  less  active 
than  2,4-dimethyl  primaquine  (WR-192,  515) , but  appeared  to  be 
no  less  toxic.  The  third  representative  of  this  class,  WR-218,  334 
[2 -methyl-4- (4-chlorophenoxy)  primaquine]  exhibited  no  curative 
activity  at  doses  of  0.  5 or  1.  0 mg  per  kg.  This  compound  was 
clearly  less  active  than  either  primaquine  or  2-methyl  prima- 
quine (WR-182,  234),  both  of  which  are  curative  at  a daily  dose 
of  0.  5 mg  per  kg. 

8.  Derivatives  with  substituents  at  positions  2,  5,  and  6 

Two  representatives  of  this  class,  WR-215, 733  and 
WR-211,  532,  curative  at  daily  doses  of  0.  25  mg  per  kg  body 
weight,  were  twice  as  active  as  either  primaquine  or  2-methyl 
primaquine  (WR-182,  234).  These  agents  can  be  viewed  as  con- 
geners of  WR-182,  234  ( 2-methyl  primaquine)  : WR-215,  733  as  the 

5-fluoro  derivative,  WR-211,  532  as  the  5- (4-chlorophenoxy) 
derivative. 

9.  Derivatives  with  substituents  at  positions  4,  5,  and  6 

WR-216, 804  and  WR-218,  681,  the  first  representatives 
of  this  class  submitted  for  evaluation,  exhibited  markedly 
different  activities.  WR-216,  804,  the  5-methoxy  congener  of 
WR-181,  023.  was  curative  at  daily  doses  of  0.  125  mg  per  kg  body 
weight.  It  was  clearly  more  active  than  WR-181.  023  and  at 
this  stage  of  assessment,  appeared  to  bo  the  most  active 
8-aminoquinol i ne  derivative  examined  to  date. 
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WR-318,  681,  the  5-chloro  congener  of  WK-181,  0<d3, 
exhibited  no  evidence  of  curative  activity  at  daily  doses  of 
0.5  and  1.0  mg  per  kg.  The  di f f ercnces  in  effects  of  5-chloro 
and  5-methoxy  substitution  are  thus  very  striking,  but  have 
their  antecedents  in  the  results  of  earlier  structure-activity 
compari sons. 


General  Summary:  In  the  interval  between  July  7,  1972  and 

April  30,  1975,  one  hundred  thirty-four  8-aminoguinoline 

derivatives  were  accorded  pilot  evaluations  for  curative 
activity  in  the  £.  cynomolgi  - rhesus  monkey  model.  These 
evaluations  have  provided  the  underpinning  for  both  the  chem- 
ical synthesis  and  prospective  clinical  evaluation  components 
of  the  search  for  a more  active  and/or  more  generally  useful 
radical  curative  drug  than  primaquine.  The  comments  that 
follow  will  address  attention  to  what  are  believed  to  be  the 
accomplishments  and  the  shortcomings  of  the  studies  pursued 
to  date. 


The  first  concern  of  the  Malaria  Chemotherapy  Program 
has  been  development  of  a compound  with  greater  curative  activ- 
ity than  primaquine.  To  facilitate  consideration  of  this  issue, 
the  results  of  the  assessments  detailed  in  Table  28  have  been 
digested  and  the  digest  presented  in  Table  29  according  to: 

(1)  the  numbers  of  each  class  of  nuclear  substituted  compounds 
that  have  been  examined;  (2)  the  numbers  within  each  class 
which  have  exhibited  activity  at  a daily  dose  of  1.0  mg  base 
per  kg  body  weight  (twice  the  curative  dose  of  primaquine); 

(3)  the  numbers  which  have  exhibited  activity  at  a daily  dose 
of  0.  5 mg  per  kg  (the  curative  dose  of  primaquine);  and  (-1) 
the  numbers  which  have  displayed  activity  at  a dose  of  0, 25 
mg  per  kg  or  less  (one-half  or  less  than  one-half  the  curative 
dose  of  primaquine). 
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As  shown  in  Table  Z9,  thirty-two  compounds,  24  per 
cent  of  the  total  evaluated,  exhibited  curative  activity  at  a 
dose  of  1.0  mg  per  kg  or  less.  Eighteen  of  the  thirty-two  (13.4 
per  cent  of  the  total)  displayed  activity  at  a dose  of  0.  5 mg 
per  kg  or  less.  Eight  of  these  eighteen  (6  per  cent  of  the 
total)  were  curative  at  a dose  of  0.  25  mg  per  kg  or  less.  In 
other  terms,  eighteen  of  the  one  hundred  thirty-four  derivatives 
had  activity  equal  to  that  of  primaquine;  eight  were  at  least 
twice  as  active  as  this  established  curative  drug. 

Four  classes  of  nuclear  substituted  8-aminoquinolines 
made  up  approximately  83  per  cent  of  the  agents  studied.  One 
of  these  four  classes,  the  6-substituted  derivatives,  did  not 
contribute  a single  derivative  more  active  than  primaquine. 
This  is  not  surprising  in  view  of  the  extensive  examination 
of  this  class  during  the  World  War  II  and  post-World  War  II 
search  for  a curative  antimalarial  drug.  One  of  the  other 
classes  accorded  major  attention  in  the  current  Program,  the 

2. 6 - substituted  group,  contributed  but  a single  agent  equal 
to  primaquine  in  activity.  The  contributions  of  the  4,6-  and 

5. 6 - di substituted  groups  were  more  impressive.  Together,  these 

classes  contributed  twelve  of  the  eighteen  compounds  equal  to 
primaquine  in  activity  and  five  of  the  eight  with  greater  ac- 
tivity. Little  studied  classes,  such  as  the  2,4,6-,  2,5,6-, 

and  4,  5,  6 -trisubstituted  groups  contributed  a surprisingly 
large  fraction  of  agents  with  activity  equal  to  or  greater 
than  primaquine  - probably  a signal  that  more  attention  should 
be  given  these  categories  in  the  future. 

By  almost  any  measure,  the  output  of  significantly 
active  8-aminoquinolines  has  been  impressive  - the  more  so  in 
view  of  the  attention  this  class  received  in  the  1944-1951 
search  for  a curative  drug  superior  to  pamaquine.  The  rela- 
tively high  output  of  agents  with  significant  activity  is  a 
creditable  reflection  of  the  attention  given  to  structure  - 
activity  relationships  in  directing  synthesis  of  new  congeners. 
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The  second  concern  of  the  search  for  curative  drugs 
in  the  current  Malaria  Chemotherapy  Program  is  the  development 
of  a compound  better  tolerated  than  primaquine.  This  compo- 
nent of  the  mission  has  probably  not  been  given  the  attention 
that  it  should  have  received.  Obviously,  if  enhanced  activity 
is  associated  with  added  toxicity,  there  may  have  been  no  re  .1 
gain  in  therapeutic  utility.  Conversely,  a new  agent  with  equal 
or  slightly  less  curative  activity  than  primaquine  and  substan- 
tially less  toxicity  would  be  a real  advance  in  the  approach 
to  a more  generally  useful  compound.  These  simple  principles 
deserve  more  attention  than  they  have  received.  We  would  sug- 
gest that  evaluation  of  subacute  toxicity  for  the  rhesus  mon- 
key be  made  an  immediate  follow-up  to  the  demonstration  of 
activity  superior  to  that  of  primaquine,  and  that  if  at  all 
possible,  such  evaluations  should  also  be  accorded  every  agent 
with  activity  equal  to  that  of  primaquine;  for  in  that  larger 
pool  may  reside  the  compound  of  greater  therapeutic  index  and 
utility.  The  information  derived  from  such  routine  toxicity 
studies  would  provide  a valuable  guide  to  chemical  synthesis 
and  focus  attention  early  on  agents  that  merit  consideration 
for  study  in  human  volunteers.  If  limited  in  scope,  as  they 
should  be  at  an  early  stage,  these  toxicity  evaluations  would 
not  require  a significant  expenditure  of  investigator  time  or 
draw  on  the  limited  animal  supply;  they  could  be  pursued  on 
monkeys  previously  used  in  therapeutic  evaluations  whose 
infections  had  been  cured. 
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I and  4 
I and  6 

3 and  6 

4 and  6 

5 and  6 

6 and  7 

1,  4 and  6 

2,  5 and  6 

3,  4 and  6 

4,  5 and  6 
N-methy 1 


All  derivatives 


Curative  dose  of  primaquine;  therefore,  compounds  tabulated 
here  have  activity  equal  to  or  greater  than  that  of  primaquine. 

* * 

Refers  to  WR-215,  295  which  cured  two  of  four  infections  when 
administered  in  doses  of  0.  25  mg  per  kg. 
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X.  THE  CURATIVE  ACTIVITIES  OF  WR-<ill,  536  AND  WR-21  1.  537, 

THE  D AND  L COMPONENTS  OF  PRIMAQUINE 

WR-211,  536  and  WR-211,  537,  the  D and  L components 
of  primaquine,  have  recently  been  prepared  in  quantities 
sufficient  for  evaluation  of  their  biological  properties.  The 
first  of  these  investigations,  pursued  elsewhere,  dealt  with 
the  acute  oral  toxicities  of  these  isomers  and  the  racemate 
for  the  mouse.  Its  results  showed  that  the  LD^q  of  WR-211,  537 
was  approximately  four  times  the  LD50  of  WR-211,  536  and  twice 
that  of  primaquine,  leading  to  the  conclusion  that  the  L iso- 
mer has  but  one-fourth  the  acute  toxicity  of  the  D isomer. 

The  dimension  of  this  difference  prompted  a comparison  of  the 
radical  curative  activities  of  the  three  compounds. 

The  results  of  this  comparison  (cf  Table  30)  showed 
that  the  capacities  of  WR-211,  536  (D  isomer),  WR-211,  537  (L 
isomer)  and  primaquine  (D,  L mixture)  to  cure  infections  induced 
by  sporozoites  of  R cynomolgi  were  essentially  identical.  This 
finding  could  be  of  considerable  practical  importance  if  the 
subacute  toxicities  of  the  isomers  in  the  human  sub ject  follow 
the  pattern  of  the  acute  toxicities  in  the  mouse  (cf  above). 
Given  such  a toxicity  differential  and  identical  curative  ac- 
tivity, consideration  would  have  to  be  given  to  replacing  pri- 
maquine with  WR-211,  537.  The  advantages  of  such  a shift  would 
include:  Q)  greater  acceptability  of  doses  used  routinely  in 

the  fourteen-day  curative  regimens;  (2)  reasonable  acceptability 
of  the  larger  than  conventional  doses  required  for  cure  of  in- 
fections with  some  strains  of  P.  vivax;  (3)  possibility  of 
delivering  the  total  dose  required  for  cure  in  a seven-day 
period  rather  than  over  fourteen  days;  and  (4)  opening  the  way 
to  cautious  explorations  of  the  efficacy  and  acceptability  of 
a three-day  treatment  regimen  coinciding  with  the  conventional 
interval  for  administration  of  chloroquine. 
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As  indicated  above,  the  relative  subacute  toxicities 
of  WR-311,  537,  WR-211,536,  and  primaquine  woul d determine  whether 
these  seeming  advantages  of  WR-211,  537  could  be  realized.  The 
critical  importance  of  this  issue  led  to  a preliminary  compari- 
son of  the  subacute  toxicities  of  WR-211,  536,  WR-211,  537,  and 
primaquine  for  the  rhesus  monkey.  The  results  of  this  compar- 
ison and  their  significance  for  use  of  WR-211,  537  in  place  of 
primaquine  are  dealt  with  in  Section  XVI  of  this  Report. 
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TABLE  3 0 


DIRECT  COMPARISON  OF  THE  RADICAL  CURATIVE  ACTIVITIES  OF  WR-211,  531, 
(D  ISOMER).  WR-211,  537  (L  ISOMER),  AND  PRIMAQUINE  (D,L  MIXTURE) 

IN  RFIESUS  .MONKEYS  INFECTED  WITH  SPOROZOITES  OF  THE  B STRAIN 

OF  PLASMODIUM  CYNOMOLGI 


1 

Daily  Dose 
Mg  Base/Kg 
Body  Weight* 

Response  to  Treatment 

Compound 

Name/WR-No. 

Mmu 

No. 

Days  Between 

Cured 

Rx  and  Relapse 

0.  375 

8227P 

10 

0.  375 

8228P 

10 

- 

0.  375 

8240P 

- 

+ 

WR-211,  536 

0 5 

8228Rj 

8227Rj 

28 

0,  5 

+ 

0.  75 

8249P 

— 

+ 

0.  75 

8250P 

- 

+ 

0,  7 5 

8228R2 

— 

+ 

0.  375 

8254P 

1 1 

_ 

0.  375 

8257P 

21 

- 

0.  375 

8253P 

- 

+ 

WR-211,  537 

0.  5 

8257Ri 

16 

- 

0.  5 

8254Ri 

— 

+ 

0.  7 5 

8258P 

+ 

0.  75 

8263P 

- 

+ 

0.  7 5 

8257R2 

— 

+ 

0.  375 

8264P 

i 

1 

Primaquine 

0.  5 

8264Ri 

- 

+ 

0.  7 5 

8275P 

1 

+ 

i 


1 


Dose  indicated  administered  once  daily  for  seven 
days  along  with  2.  5 mg  chloroquine  per  kg  body  weighty 
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XI.  STUDIES  ON  THE  RADICAL  CUILATIVE  AND  PROPHYIACTTC  ACTIVITIES 
OF  WR-181,  023  U-METIPfL  PRIMAQUINE)  AND  PRIMAQUINE 


Pilot  evaluations  carried  out  in  197  3 indic£itod  that 
the  curative  activity  of  WR-181,  023  ( I-methyl  primaquine)  was 
at  least  twice  that  of  primaquine.  This  observation  was  impor- 
tant for  two  reasons:  (1)  it  was  made  early  in  the  Department 

of  the  Army  search  for  a more  active  and  better  tolerated  com- 
pound than  primaquine  and  thereby  provided  encouragement  to 
those  concerned  with  various  aspects  of  synthesis  and  curative 
drug  evaluation;  and  (2)  it  focused  attention  on  the  potentials 
of  4-substi tuted  8-aminoquinolines  in  general  and  especially 
4-methyl  substituted  compounds*.  As  a result  of  this  prefer- 
ential position.  WR-181,  023  has  been  studied  for  both  radical 
curative  and  prophylactic  activities  in  an  unusually  com.pre- 
hensive  manner.  Some  evaluations  involved  side-by-side  com- 
parison with  primaquine,  the  standard  drug  against  which  any 
new  curative  or  prophylactic  agent  must  compete.  Events  may 
prove  that  WR-181,  023  did  not  merit  such  in-depth  attention; 
even  so,  the  investigations  served  a useful  function  in  pro- 
viding base  line  data  and  delineating  patterns  of  evaluation 
which  should  faciliR“^e  investigations  of  more  effective  and 
better  tolerated  agei.  than  WR-181,  023  when  such  appear. 


★ 

The  4-methyl  substituted  8-aminoquinolines  (designated 
lepidines)  were  studied  intensively  during  the  post-world  War  II 
search  for  a generally  useful  curative  drug.  Four  of  the  most 
active  of  these  derivatives  against  inf actions  wi th  sporozoi tes 
of  the  M strain  of  _P.  cynomolgi  were  examined  in  human  volun- 
teers infected  with  the  Chesson  strain  of  _P.  vi vax.  None  proved 
to  bo  more  useful  than  primaquine.  Although  WR-181, 023  (desig- 
nated CN-1101  by  Dr.  R.  C.  Elderfield  when  he  submitted  it  for 
study  in  1949)  exhibited  greater  activity  than  primaquine  or  any 
other  lepidine  in  the  £.  cynomolgi  model,  it  was  not  studied  in 
human  volunteers  because  primaquine  was  already  wc 1 1 -tested  and 
believed  to  meet  foreseeable  needs  for  a curative  drug. 
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Ttie  results  of  the  extended  assessments  of  tlie 
radical  curative  activity  of  4-methyl  primaquine  and  those 
of  parallel  or  side-by-side  appraisals  of  the  activity  of 
primaquine  have  been  detailed  in  Table  31  and  summarized  in 
Table  32.  The  data  in  the  latter  table  have  been  separated 
according  to  tlie  status  of  the  test  infection;  i.  e.  , previ- 
ously untreated  (primary  attack)  or  previously  treated  (re- 
lapse). Kxami nat ion  of  the  data  in  these  compartments  shows 
that  the  curat  ive  activity  of  4-methyl  primaquine  is  superior 
to  that  of  primaquine  in  either  type  of  infection.  The  dimen- 
sions of  tliis  superiority  are  difficult  to  measure  precisely. 
Howev'er.  minimal  curative  responses  were  achieved  with  daily 
doses  of  0.  125  mg  WR-181,  023  per  kg  body  weight  or  0.375  mg 
primaquine.  Curative  responses  were  obtained  regularly  with 
daily  doses  of  0.  25  and  0.  5 mg  per  kg  of  the  respective  com- 
pounds. These  results  provide  reasonable  support  for  the 
conclusion  that  the  curative  activity  of  4-methyl  primaquine 
is  roughly  twice  that  of  primaquine. 

The  detailed  assessments  summarized  above  were 
followed  by  evaluations  of  the  influence  of  the  dosage  regimen 
on  the  curative  activity  of  WR-181,  023.  These  studies  were 
designed  to  compare  the  efficacy  of  selected  total  doses  of 
the  above  compound  delivered  either  as  a single  dose  or  in 
two,  four,  or  seven  fractions  on  as  many  consecutive  days. 
They  included  side-by-side  evaluations  of  the  efficacy  of 
primaquine.  Throughout  these  appraisals,  chloroquine  was 
administered  at  a dose  of  2.  5 mg  base  per  kg  body  weight, 
daily  for  seven  days*. 


★ 

Although  it  was  recognized  that  a chloroquine  regimen 
identical  with  the  schedule  of  delivery  of  WR-181. 023  and 
primaquine  would  be  ideal,  it  was  felt  unwise  in  this  study  to 
alter  dosage  schedules  for  both  tissue  and  blood  schi  zont  i c ides 
at  the  same  time. 
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Tho  rosults  of  tliose  experiments,  summarised  in 
'l'<.ble33,  show  that  irrespective  of  the  frequency  of  drutf  (Jo- 
livery.  total  doses  of  1.75  mg  WR-181.023  per  kg  body  weiglit 
or  3.  5 mg  prjmaquine  per  unit  body  weight  were  essentially 
uniformly  curative.  Since  these  were  tlie  lowest  total  doses 
<.'mt)loyed.  the  studies  did  little  more  than  suggest  that  tliere 
wouKl  be  no  striking  loss  of  activity  if  the  total  dose  of 
either  1 -methyl  primaquine  or  primaquine  could  be  admini stored 
in  two  or  four  equal  daily  fractions.  Plans  for  obtaining  a 
more  precise  appraisal  of  the  influence  of  the  dosage  regimen 
were  developed.  These  were  tabled  in  favor  of  evaluating  the 
lot  of  WR-iai.  033  being  prepared  for  the  proposed  examinat i on 
in  liuman  volunteers. 

Although  the  above  appraisal  of  the  influence  of 
the  dosage  regimen  on  the  activity  of  WR-181,  033  is  obviously 
incomplete,  it  provides  support  for  continued  search  for  an 
agent  in  the  8-aminoquinoli  ne  series  that  will  be  cur^^tive  in 
a short  term  regimen.  If  as  the  current  evaluation  indicates, 
cure  is  determined  by  the  total  dose  delivered  rather  than 
exposure  of  t i ssue  schizonts  to  drug  for  a set  number  of  days, 
the  real  problem  is  uncovering  an  agent  with  sufficiently  low 
toxicity  to  permit  safe  delivery  of  the  required  total  dose 
in  two  to  three  days. 

Because  of  continuing  interest  in  development  of 
a wel 1 -tolerated  causal  prophylactic  agent,  and  because  as 
a class  the  B-aminoquinol ines  have  prophylactic  activity, 
attention  has  been  directed  to  the  relative  capacities  of 
I -methyl  primaquine  and  primaquine  to  prevent  development 
of  primary  tissue  stages.  The  results  of  two  small  scale 
I'xperiments  have  been  combined  and  summarized  in  Table  3 1. 

Tn  these  studios,  groups  of  monkeys  wore  inoculated  intra- 
venously witli  5 X 10^  or  1 X 10^’  sporozoites.  Drugs  were 
delivered  twenty-four  hours  prior  to  sporozoite  inoculation. 
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two  hours  before  inoculation,  and  daily  thereafter  for  seven 
consecutive  days.  As  the  data  in  Table  34  show,  WR-181,  033  wiis 
strikingly  superior  to  primaquine  in  a prophylactic  setting. 
Two  of  four  recipients  of  0.  25  mg  per  kg  doses  of  WR-181, 023 
were  fully  protected,  as  were  four  of  four  recipients  of  doses 
of  0.  5 and  0.7  5 mg  per  kg.  In  contrast,  primaquine  conferred 
protection  to  but  four  of  eleven  recipients  of  doses  of  0.75 
and  1.  0 mg  per  kg. 
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TABU'  3 1 

COMPARATIVE  RADICAL  CURATIVE  ACTIVITIES  OF  WR-1H1.023  AND  PHIMAOI'INE 
AS  EXHII3ITED  IN  PARALLEL  EVALUATIONS  IN  RHESUS  MONKEYS  INFECTED 
WITH  SPOROZOITES  OF  THE  B STR'MN  OF  IHASMODIUM  CYNOMOl  G I 

Detailed  Observations 


Curative  Regimen 


Compound 

Name/WR-No. 


Daily  Dose 
Mg/Kg 

Body  Weight* 

0.  125 
0.  125 
0.  125 
0.  125 
0.  125 
0.  125 


181,  023 


Response  to  Treatment 
Relapsed 

Days  Between  Cured 
Rx  and  Relapse 


7809P 

7810P 

7897P 

7950R2 

7979R2 

7889R3 

7897R1 

795OR3 

8265P 

8266P 

7979R3 

7808P 

8145P 

8142P 

7760P 

7820P 

7 948P 

8143P 

8144P 

8148P 

8247P 

7809R1 

78IOR3 

7877R3 

7880R1 


8269P 

7883P 

7 88  IP 

7909P 

7953P 

8147P 

8148P 

8248P 

7792R1 

78O8R3 

8I42R3 

8145Rj 

8265R1 

826 9Ri 

7897R2 

7936R4 

795OR4 

7979R,} 
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TAI5LE  31  - CONTINUED 


Curative  Regimen 

Response  to  Treatment 

Compound 

Namo/WR-No. 

Daily  Dose 

Mmu 

No. 

Relapsed 

Mg/Kg 

Body  Weight* 

Days  Between 
Rx  and  Relapse 

Cured 

0.  25 

8131P 

7 

0.  25 

8135P 

7 

- 

0.  25 

8133P 

10 

- 

0.  25 

8126P 

11 

- 

0.  25 

8134P 

11 

- 

0.  25 

8132P 

12 

- 

0.  25 

8130P 

18 

- 

0.  25 

8127P 

66 

- 

1 

0.  375 

7744P 

6 

_ 

0.  375 

7835P 

11 

- 

0.  375 

8441P 

11 

- 

0.  375 

7985R2 

11 

- 

0.  375 

7436R3 

11 

- 

0.  375 

7830P 

12 

- 

0.  375 

7832P 

12 

- 

0.  375 

7831P 

13 

- 

0.  375 

7659P 

14 

- 

0.  375 

8264P 

14 

- 

0.  375 

8446P 

15 

- 

0.  375 

7745P 

16 

- 

Primaquine 

0.  375 

7437R3 

16 

- 

0.  375 

8158P 

32 

- 

0.  375 

7 306R^S 

36 

- 

0.  375 

7433R2 

38 

- 

0.  375 

7742P 

61 

- 

0.  375 

7747P 

- 

+ 

0.  375 

7 983R1 

- 

+ 

0.  375 

7299R2 

- 

+ 

0.  375 

7307R3 

- 

+ 

0.  5 

8139P 

9 

_ 

0.  5 

8137P 

26 

- 

0.  5 

8136P 

; 

+ 

0.  5 

8138P 

! 

+ 

0.  5 

8126R1 

- 

+ 

0.  5 

8127R1 

- 

0.  5 

8I3OR1 

- 

+ 

0.  5 

8I3IR1 

- 

+ 

0.  5 

8I32R3 

- 

+ 

0.  5 

8133R1 

- 

+ 

0.  5 

8I34R3 

- 

+ 

0.  5 

8135R1 

- 

4 

0.  5 

8 26  4 8]^ 

+ 
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TABLK  31  - CONTINUED 


Curative  Regimen 

Mmu 

No. 

Response  to  Treatment 

Compound 

Name/WR-No. 

Daily  Dose 
Mg/ Kg 

Body  Weight* 

Relapsed 

Cured 

Days  Between 
Rx  and  Relapse 

0.  7 5 

12P 

+ 

0.  7 5 

1817P 

- 

+ 

0.  75 

6583P 

- 

-f 

0.  7 5 

7119P 

- 

+ 

0,  7 5 

7323P 

- 

+ 

0.  75 

7392P 

- 

+ 

0.  75 

7406P 

- 

+ 

0.  7 5 

7750P 

- 

+ 

0.  75 

7751P 

- 

+ 

0.  7 5 

7755P 

- 

+ 

0.  7 5 

7756P 

- 

+ 

0.  7 5 

7758P 

- 

4 

0.  75 

7763P 

- 

+ 

0.  75 

7766P 

1 

+ 

0.  75 

7769P 

1 

+ 

0.  7 5 

7838P 

- 

+ 

0.  75 

7839P 

- 

+ 

0.  75 

7 86  9P 

- 

+ 

0,  7 5 

7870P 

- 

+ 

0.  7 5 

8275P 

- 

+ 

0.  7 5 

9910P 

_ 

+ 

Primaquine 

0.  7 5 

7385R1 

- 

+ 

0.7  5 

1 5i  2Rj^ 

— 

4 

0.  75 

7 541R]^ 

- 

4 

0.  7 5 

7543R1 

- 

4 

0.  7 5 

7549Rj^ 

- 

4 

0.  7 5 

7551Ri 

- 

4 

0,  7 5 

7579R, 

- 

4 

0.  75 

7 587R]^ 

- 

4 

0.  7 5 

7659R1 

- 

4 

0.  7 5 

7744Rj^ 

- 

4 

0.  75 

7830R]^ 

- 

4 

0.  75 

7831R]^ 

- 

4 

0.  7 5 

7832Ri 

- 

4 

0.  75 

7835Rj^ 

- 

4 

0.  7 5 

7859R]^ 

- 

4 

0.  75 

7975R3^ 

- 

4 

0.  7 5 

8137R1 

- 

+ 

0.  7 5 

8139r^ 

- 

+ 

0.  7 5 

7492R2 

- 

4 

0.  7 5 

7583R2 

- 

4 

0.  75 

798OR3 

- 

4 

0.  7 5 

7 985R3 

- 

4 

0.  75 

7437R, 

- 

4 

0.  7 5 

73O6R7 

4 
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TARI.K  31  - CONTTNURD 


Curat  i V' 

e Regimen 

■Mmu 

No. 

Response  to  Treatment 

Compound 

Mamo/WK-No. 

Daily  Dose 
Mg/Kg 

Body  Weight 

Relapsed 

Cured 

Days  Between 
Rx  and  Relapse 

1.  5 

ZIP 

+ 

1.  5 

615BP 

- 

-f 

1.  5 

b596P 

- 

+ 

1.  5 

7 286 P 

- 

+ 

1.  3 

7387P 

- 

+ 

1.  5 

7121P 

- 

-4- 

Prinriqui  no 

1.  5 

7770P 

- 

+ 

1.  5 

7777P 

- 

+ 

1.  5 1 

7779P 

- 

+ 

1. 

7782P 

- 

+ 

1.  5 

7 389  R| 

- 

+ 

1.  5 

7131R5 

- 

1,  5 

7-136  R5 

■ 

+ 

Dose  indicated  administered  once  daily  for  seven 
days  along  with  2.  5 mg  chloroquine  per  kg  body  weight. 
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TABLE  3 2 

COMPARATIVE  RADICAL  CURATIVE  ACTIVITIES  OF  WR-181,  023  AND  PRIMAQUINE 
AS  EXHIBITED  IN  PARALLEL  EVALUATIONS  IN  RHESUS  MONKEYS  INFECTED 
WITH  SPOROZOITES  OF  THE  B STRAIN  OF  PLASMODIUM  CYNOMOLGI 

Condensed  Summary 


Daily  Dose 
Mg  Base/Kg 

No. 

Cures/No.  Infections  Treated 

Primary 

Attacks 

Relapses 

Body  Weight 

WR-181,  023 

Primaquine 

WR-181,  023 

Primaquine 

0.  125 

0/3 

- 

1/3 

- 

0.  25 

7/12 

0/8 

4/7 

- 

0.375 

- 

1/13 

- 

3/8 

0.  5 

7/8 

2/4 

10/10 

9/9 

0.  75 

- 

21/21 

- 

24/24 

1.  5 

- 

10/10 

- 

3/3 

* 

Dose  indicated  administered  once  daily  for  seven  days 
along  with  2.  5 mg  chloroquine  per  kg  body  weight. 
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TADLE  33 

THE  INFLUENCE  OF  THE  DOSAGE  REGIMEN  ON  THE  RADICAL  CURATIVE  ACTIVITIES 
OF  WR-iai,  023  AND  PRIMAQUINE  AS  EXHIBITED  IN  PARALLEL  EVALUATIONS 
IN  RHESUS  MONKEYS  INFECTED  WITH  SPOROZOITES  OF  THE  B STRAIN 

OF  PIASMODIUM  CYNOMOLGI 


Compound 
Name  ^WR-No. 

Dosage  Regimen* 

Mmu 

No. 

Response  to  Treatment 

Daily 

Dose 

Mg/Kg 

No.  of 
Doses 

Total 

Dose 

Mg/Kg 

Relapsed 

Cured 

Days  Between 
Rx  and  Relapse 

1.  7 5 

1 

1.  75 

8397P 

+ 

1.75 

1 

1.  75 

8400P 

- 

+ 

0.  87  5 

1.  7 5 

8401P 

40 

_ 

0,  875 

"> 

1.  75 

8409P 

- 

+ 

0.  875 

2 

1.  75 

8401R1 

- 

+ 

0.  438 

4 

1.  75 

8422P 

8 

0.  438 

4 

1.75 

8410P 

- 

+ 

0.  438 

4 

1.75 

8422R1 

- 

+ 

0.  25 

7 

1.  7 5 

8377P 

42 

— 

0.  25 

7 

1.  7 5 

8380P 

43 

- 

0.  25 

7 

1.  75 

8372P 

- 

+ 

0.  25 

< 

1.  75 

84  28P 

- 

+ 

WR-181,  023 

0.  25 

7 

1.  75 

8429P 

“ 

+ 

3.  5 

1 

3.  5 

8345P 

+ 

3.  5 

1 

3.  5 

8377R1 

- 

+ 

1.  75 

> 

3.  5 

8368P 

4 2 

1.  75 

> 

3.  5 

8289P 

- 

+ 

1.  75 

J 

3.  5 

8368R]^ 

- 

+ 

0.  875 

4 

3.  5 

8300P 

+ 

0.  875 

4 

3.  5 

8371P 

- 

+ 

0.  5 

7 

3.  5 

8301P 

_ 

+ 

0.  5 

7 

3.  5 

8374P 

- 

■f 

0.  5 

7 

3.  5 

8380Rj^ 

+ 
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TABLE  33  - CONTINUED 


Compound 

Name/WR-No. 

■k 

Dosage  Regimen 

Mmu 

No. 

Response  to  Treatment 

Dai  ly 
Dose 
Mg/Kg 

No.  of 
Doses 

Total 

Dose 

Mg/Kg 

Relapsed 

Cured 

Days  Between 
Rx  and  Relapse 

3.  5 

1 

3.  5 

8386P 

+ 

3.  5 

1 

3.  5 

8389P 

- 

+ 

1.  7 5 

? 

3.  5 

8390P 

+ 

1.  75 

2 

3.  5 

8392P 

- 

+ 

0.  87  5 

4 

3.  5 

8393P 

_ 

+ 

0.  87  5 

4 

3.  5 

8394P 

- 

+ 

0.  5 

7 

3.  5 

8376P 

19 

_ 

0.  5 

7 

3.  5 

8356P 

+ 

0,  5 

7 

3,  5 

8395P 

- 

+ 

Primaquine 

0,  5 

7 

3,  5 

8396P 

1 ~~ 

+ 

7.  0 

1 

7.  0 

8337P 

+ 

3.  5 

1 

1 2 

7.  0 

8298P 

_ 

+ 

3.  5 

2 

7.  0 

8338P 

- 

+ 

1.  7 5 

4 

7.  0 

8299P 

+ 

1.  75 

4 

7.  0 

8341P 

- 

+ 

1.  0 

7 

7.  0 

8307P 

_ 

+ 

1.  0 

7 

7.  0 

8348P 

+ 

I 


Throughout  these  evaluations,  chloroquine  was  administered 
in  a dose  of  2.  5 mg  base  per  kg  body  weight  once  daily  for  seven 
consecutive  days.  Delivery  of  chloroquine  was  initiated  on  the 
first  day  of  administration  of  WR-181,  023  or  primaquine. 
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TABLE  34 

A COMPARISON  OF  THE  PROPHYLACTIC  ACTIVITIES  OF  WR-181.033  AND  PRIMAQUINE 
AS  EXHIBITED  IN  PARALLEL  EVALUATIONS  IN  RHESUS  MONKEYS  CHALLENGED 
WITH  SPOROZOITES  OF  TIR:;  B STRAIN  OF  PI^SMODIUM  CYNOMOLGI 


Prophylactic  Regimen* 

Mmu 

No. 

Day  of  Patency 
after  Challenge 

Days  Delay 
in  Onset 
of  Patency 

Compound 

Name/WR-No. 

Daily  Dose 
Mg/ Kg 

Body  Weight 

0.  125 

8247 

12 

4 

i 

0.  125 

8248 

12 

4 

0.  25 

7969 

Protected 

> 74** 

0.  25 

8225 

Protected 

> 74 

0.  25 

8265 

13 

5 

181,  023 

0.  25 

8266 

23 

15 

0.37  5 

8269 

13 

5 

0.  375 

8270 

Protected 

> 94 

0.  5 

8231 

Protected 

> 74 

0.  5 

8233 

Protected 

> 74 

0.  75 

8234 

Protected 

> 74 

0.  7 5 

8235 

Protected 

> 7- 

0.  2 5 

8236 

10 

2 

0.  375 

8158 

18 

10 

0.  375 

8189 

16 

8 

0.  75 

7501 

Protected 

>113 

0.  7 5 

7 549 

17 

9 

Primaquine 

0.  75 

7 586 

19 

11 

0.  75 

8159 

Protected 

> 79 

0.  75 

8242 

18 

10 

1.  0 

7705 

26 

18 

1.  0 

7708 

17 

9 

1.  0 

7709 

18 

10 

1.  0 

7710 

18 

10 

1.  0 

7955 

Protected 

> 89 

1.  0 

8243 

Protected 

> 74 

7 956 

8 

- 

- 

8244 

8 

- 

— 

8318 

8 

- 

Drugs  delivered  the  day  prior  to  sporozoite  challenge, 
two  hours  before  challenge,  and  daily  for  seven  days  after 
challenge. 


Where  the  symbol  > appears,  observations  were  terminated 
on  the  designated  day;  absence  of  parasitemia  to  such  date  is 
synonymous  with  full  protection. 
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XII.  PRELIMINARY  STUDIES  ON  THE  IND  PREPARATION  OF 
WR-181,  023  (LOT  AG:  BE-50,  003) 

The  results  of  the  studies  described  in  the  preceding 
section  of  this  Report,  together  with  those  of  studies  pursued 
in  the  1949-1951  period  (when  4 -methyl  primaquine  was  designated 
CN-1101),  led  to  the  decision  to  initiate  evaluations  of  the 
curative  activity  of  WR-181,  023  in  human  volunteers.  A batch 
lot  of  this  compound  was  prepared  for  these  appraisals  as  well 
as  for  the  preclinical  evaluations  of  toxicity  and  efficacy 
required  by  FDA  prior  to  testing  a new  drug  in  human  subjects. 
The  preclinical  evaluations  of  efficacy  were  designed  to  de- 
termine whether  the  curative  and  prophylactic  activities  of  the 
INL  preparation  were  the  same  as  those  of  pre-IND  lots  and  to 
explore  the  influence  of  the  dosage  regimen  on  both  of  the 
above  activities. 

The  first  experiment,  concerned  with  the  curative 
activity  of  the  IND  preparation,  was  initiated  on  February  5, 
1975.  It  dealt  with  a study  of  the  comparative  effectiveness 
of  three  and  seven-day  regimens  of  WR-181,  023,  controlled  by 
a companion  evaluation  of  the  activity  of  primaquine  in  a 
seven-day  regimen.  Unlike  the  evaluations  described  in  the 
preceding  section,  the  duration  of  chloroquine  delivery  coin- 
cided with  the  duration  of  administration  of  the  8-aminoquin- 
oline.  In  the  three-day  regimen,  chloroquine  was  administered 
in  daily  doses  of  5.84  mg  per  kg  body  weight;  in  the  seven-day 
regimen,  it  was  administered  in  the  conventional  doses  of  2.  5 
mg  per  kg.  The  total  dose  of  chloroquine  was  17.  5 mg  base  per 
kg  body  weight  in  both  regimens. 

The  results  of  this  initial  experiment  have  been 
summarized  in  Table  35.  Although  the  numbers  of  monkeys  in- 
volved are  small,  the  summary  shows;  (1)  that  in  a seven-day 
dosage  regimen  the  activity  of  WR-181,  023  is  approximately 
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twice  that  of  primaquine,  the  curative  doses  being  0.25  mg  per 
kg  and  0.  5 mg  per  kg  daily  for  the  respective  compounds;  and 
(Z)  at  total  doses  of  1.75  mg  WR-181,  0Z3  per  kg  body  weight, 
three-day  and  seven-day  dosage  schedules  were  essentially 
equally  effective,  six  of  eight  vs  six  of  six  infections 
cured  on  the  respective  regimens.  More  extensive  evaluations 
of  the  curative  activities  of  the  IND  preparation  and  older 
preparations  and  studies  of  prophylactic  activi ty,  incomplete 
at  present,  will  be  summarized  in  the  next  Annual  Report. 
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TABLE  3 5 


A PRELIMINARY  APPRAISAL  OF  THE  RADICAL  CURATIVE  ACTIVITY  OF  THE 
IND  PREPARATION  OF  WR-181,  023  (LOT  AG : BE- 50,  003 ) AS  EXHIBITED 
IN  RHESUS  MONKEYS  INFECTED  WITH  SPOROZOITES  OF  THE  B STRAIN 

OF  PLASMODIUM  CYNOMOLGI 


Compound 

Name/WR-No. 

Dosage  Regimen* 

Mmu 

No. 

Response  to  Treatment 

Daily 
Dose 
Mg/ Kg 

No.  of 
Doses 

Total 

Dose 

Mg/Kg 

Relapse 

Cured 

Days  Between 
Rx  and  Relapse 

0.  292 

3 

0.  876 

8568P 

14 

0.  292 

3 

0.  876 

8571P 

18 

- 

0.  292 

3 

0.  876 

8569P 

21 

- 

0.  292 

3 

0.  876 

8570P 

22 

- 

0.  125 

7 

0.  87  5 

8549P 

20 

- 

0.  125 

7 

0.  875 

8548P 

22 

- 

0.  125 

7 

0.  87  5 

8552P 

46 

- 

0.  584 

3 

1.  75 

8571R1 

20 

- 

0.  584 

3 

1.  75 

8574P 

24 

- 

0.  584 

3 

1.  75 

8579P 

- 

+ 

i8a.,  023 

1 0,  584 

3 

1.  75 

8580P 

- 

+ 

0.  584 

3 

1.  75 

8581P 

- 

+ 

0.  584 

3 

1.  75 

8568R1 

- 

+ 

0.  584 

3 

1.  75 

8569R1 

- 

+ 

0.  584 

3 

1.  7 5 

8570R1 

- 

+ 

0.  25 

7 

1.  75 

8553P 

- 

+ 

0.  25 

7 

1.  75 

856  4P 

- 

+ 

0.  25 

7 

1.  75 

8565P 

- 

+ 

0.  25 

7 

1.  75 

8548R1 

- 

+ 

0.  25 

7 

1.  75 

8549Ri 

- 

+ 

0.  25 

7 

1.  75 

8552R1 

+ 

0.  25 

7 

1.  75 

8534P 

10 

1 

1 

0.  25 

7 

1.  75 

8539P 

14 

- 

0.  25 

7 

1.  75 

8538P 

- 

+ 

Primaquine 

0.  5 

7 

3.  5 

8542P 

- 

+ 

0.  5 

7 

3.  5 

8543P 

- 

+ 

0.  5 

7 

3.  5 

8547P 

- 

+ 

0.  5 

7 

3.  5 

8534R^ 

- 

4 

0.  5 

7 

3.  5 

8539R3^ 
1 

4 

Chloroquine  was  administered  in  a total  dose  of  17.  5 mq  per 
kg  body  weight  in  both  regimens;  daily  doses  were  5.8-1  mg  per  kg 
and  2.  5 mg  per  kg,  respectively  for  the  three  and  seven  dose 
schedules. 
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XIII.  ATTEMPTS  TO  ENHANCE  THE  CURATIVE  ACTIVITY 

OE  PRIMAQUINE 

There  are  at  least  two  distinct  approaches  to 
developing  an  improved  curative  drug  regimen.  One  embodies 
the  search  for  a single  agent  more  active  and  better  tolerated 
than  primaquine.  As  indicated  in  Section  IX  of  this  Report, 
the  Malaria  Chemotherapy  Program  has  been  pursuing  this  line 
of  attack  vigorously  at  a combined  chemical  synthesis  and  bio- 
logical evaluation  level.  A second  approach  embodies  efforts 
to  enhance  the  well-established  curative  capabilities  of  prima- 
quine (without  decreasing  tolerability)  by  administering  this 
8-aminoquinoline  in  combination  with  a second  tissue  schizonti- 
cidal  drug  of  a different  chemical  class.  This  approach  has 
been  largely  if  not  completely  neglected.  One  of  the  factors 
responsible  for  the  neglect  is  the  paucity  of  candidates  for 
a place  in  a combination  regimen  - compounds  other  than  the 
8-aminoquinolines  with  demonstrated  activity  against  either 
the  early  or  late  tissue  schizonts  of  P^.  vivax  or  P.  cynomolgi . 

In  reflecting  on  possible  approaches  to  development 
of  a combination  drug  regimen,  attention  was  focused  on  obser- 
vations made  some  seven  years  ago  during  a comprehensive  study 
of  the  antimalarial  properties  of  7 -chlorolincomycin  (U-21,  Z51F, 
now  designated  WR-203,659)  and  N-demethy 1-4 ' -pentyl-7 -chloro- 
lircomycin  (U-24.729A,  now  designated  WR-203,661).  Specifically, 
these  observations  showed  that  administration  of  WR-203,R61  at 
the  maximum  tolerated  dose  (MTD)  would  prevent  or  cure  infections 
with  sporozoites  of  the  B strain  of  P.  cynomolgi.  At  one-fourth 
of  the  MTD,  WR-203,661  effected  marked  delays  in  onset  of  para- 
sitemia and  prolongation  of  the  relapse  intervals.  The  same 
studies  showed  that  these  effects  resulted  from  a direct  action 
of  WR-203,661  on  the  tissue  schizonts.  WR-203.659  exhibited 
similar  activity,  but  much  less  regularly  than  WR-203,tul  and 
then  only  at  a dose  thirty-twofold  greater  flian  the  effective 
dose  of  the  latter  compound.  Together,  these  obser\’at  i ons  led 


-ZOl- 


to  the  conclusion  tluit  the  7 -ch  lo  rol  i ncomyci  ns.  and  especially  j 

WR-.!03,  6t' 1 . were  endowed  with  activity  against  both  early  and  i 

1 

late  ti ssue schi zonts.  This  rare  endowment,  in  compounds  struc-  ■ 

t ural ly  di f torent  from  the  B-aminoquinol ines.  stimulated  a group 
of  prel imi nary  studies  aimed  at  determining  whether  concomitant 
administration  of  KR-20  5,  i)h  1 would  ‘nhanco  the  prophylactic  and 
radical  curative  properties  of  primaquine. 

Two  pilot  studios  of  the  capacity  of  WR-ZO 1.  tU)  1 to 
en'nance  the  prophylaC- ic  activity  or  primaquine  were  undertaken  . 

A number  of  compounds  other  than  this  li neomycin  derivative 
were  included  in  the  initial  pilot  experiment  - essentially 
as  controls.  The  group  consisted  of : proguanil,  oyrimethamine, 
and  WR-158,  IZZ  (a  6-sulfur  substituted  Z.  1 -diaminoquinazoline)  - 
all  dihydrofolic  acid  reductase  inhibitors;  WR-Z03,6'59  - the 
li neomycin  derivative  referred  to  above;  and  oxy tet racycline. 

Each  of  these  agents  was  administered  at  approximately  one- 
fourth  of  the  MTD  in  a nine-day.  once  daily,  dosage  regimen, 
either  alone  or  concomitantly  with  primaqu me  at  a daily  dose 
of  0.  375  mg  per  kg,  half  the  dose  of  this  8-aminoquinol i ne 
required  for  prophylaxis.  Oxytetracycline  was  injected  intra- 
muscularly; the  remaining  compounds  were  administered  orally 
via  stomach  tube.  The  second  pilot  experiment  was  limited  to 
a preliminary  assessment  of  the  dose  of  WR-Z03,661  required 
for  prophylaxis. 

The  combined  results  of  the  two  experiments  have  been 
presented  in  Table  36.  The  data  therein  suggest  strongly  that 
the  prophylactic  activity  of  primaquine  was  enhanced  by  con- 
corni  tant  administration  of  WR-Z03.661  and  that  this  goal  could 
be  attained  with  a daily  dose  of  Z.  5 mg  per  kg.  equivalent  to 
one-sixteenth  of  the  MTD.  WR-Z03.659,  a second  linccmycin 
analog,  was  the  only  other  compound  that  confer'T>,l  protection. 

★ . 

The,  inocula  for  these  experiments  were  1.  Z x 10  an  i 
l.H  X 10*'  sporozoites,  respect  iv'ely. 
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It  should  be  noted  that  incubation  (prepatent)  periods  were 
prolonged  for  eight  and  ten  days  in  Mmu  8158  and  Mmu  8189.  the 
recipients  of  primaquine  in  doses  of  0.  37  5 mg  per  kg  wi  tliout 
companion  drug.  T!ie  i ncubat  i on  period  was  significantly  longer 
than  this  in  Mmu  8332.  Mmu  822-1.  and  Mmu  8201.  respecti  vely  the 
recipients  of  primaquine  in  combination  with  proguanil.  pyri- 
methamine. and  oxy tetracycli ne.  In  the  case  of  the  latter  two 
drugs,  extension  of  the  prepatent  period  could  bo  attributed 
to  persistence  of  blood  schizonticidal  concentrations  of  drug; 
however,  this  may  not  be  the  entire  explanation  even  for  these 
agents.  It  would  not  account  for  the  extension  of  the  incuba- 
tion period  encountered  wi  th  proguani 1.  delivered  either  alone 
or  in  combination  with  primaquine.  It  is  desirable  to  recog- 
nize the  existence  of  these  delays  even  though  explaining  them 
is  not  possible  within  the  boundaries  of  the  present  study. 

Monkeys  which  developed  infections  in  the  prophylac- 
tic experiments  just  described  were  promptly  assigned  to  pilot 
assessments  of  the  capacities  of  t)ie  various  "prophylactic" 
agents  to  enhance  the  radical  curative  activity  of  primaquine. 
With  one  exception,  relating  to  the  length  of  the  post-treat- 
ment follow-up  period,  conventional  procedures  were  utilized 
in  evaluating  curative  activ'ity.  The  length  of  this  follow-up 
period,  usually  105  consi  stent  ly  negati  v^e  days  after  delivery 
of  the  last  drug  dose,  was  extended  to  210  days  because  of 
three  very  late  relapses.  Proguanil,  pyrimethamine,  WR-158,  122, 
oxytetracycl  ine.  and  WR-203.  (i59  were  administered  at  one-fourth 
of  theMTD,  as  was  WR-203.  iUi  1,  to  one  subject.  Four  other  monkev's 
were  treated  with  the  latter  7 -ch loro  1 i ncomyc i n derivative  at 
doses  of  2,  5 mg  per  kg.  One  monkey  received  chloroquine  at 
the  usual  companion  drug  dose  of  2.  5 mg  per  kg  ))ody  weiglit. 
Primaquine  was  administered  in  daily  doses  of  0.  375  mn  per  kg 
body  w'eight  to  all  monkeys  except  those  receiving  2.  5 mg 
WR-203. t61  per  kg;  these  received  this  B-ami noqu i no  I i ne  at 
a daily  dose  of  0.  188  mg  per  kg  body  weight. 
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Tho  results  of  this  pilot  evaluation,  summarized  in 
Table  37,  show  that  cures  were  not  achieved  when  chloroquine. 
proguanil.  WR-158,  122,  oxy tetracycl ine.  and  WR-203,6  59  were 
used  as  companion  drugs.  Relapse  intervals  in  both  recipients 
of  WR-138,  122  and  in  one  of  the  two  recipients  of  WR-2n3,C)59 
were  prolonged  markedly.  This  result  was  not  surprising  in 
the  case  of  the  latter  compound,  which  has  significant  tissue 
schizonLicidal  activity.  It  was  very  surprising  in  the  case 
of  WR-158.  122  and  contrasts  wi th  the  short  relapses  associated 
with  administration  of  this  quinazoline,  alone,  to  monkeys  with 
developed  sporozoite-induced  infections. 

More  importantly,  the  data  in  Table  37  show  that 
the  combinittion  regimen  of  0.  188  mg  primaquine  with  2.  5 mg 
WR-203,6t)l  per  kg  body  weight  was  uniformly  curative,  .since 
in  a very  large  experience  this  dose  of  primaquine  has  never 
exhibited  curative  activi ty*  when  administered  in  combination 
with  chloroquine,  it  seems  reasonable  to  conclude  that  the 
capacity  of  this  8-aminoquinoline  to  effect  radical  cure  has 
been  enhanced  by  the  concomitant  administration  of  WR-203,661. 

Cures  achieved  with  the  combination  of  pyrimethamine 
and  0.375  mg  per  kg  doses  of  primaquine  (cf  Mmu  8223  and  Mmu  822*1) 
were  not  anticipated.  However,  review  of  previous  studies  on 
this  drug  combi  nation  showed  that  attention  had  been  given  pri- 
marily to  the  dose  of  this  pyrimidine  requi red  to  cure  infections 
with  P.  cynomolqi  when  administered  with  daily  doses  of  0.75  mg 
primaquine  per  kg  body  weight.  In  actuality,  there  had  never 
been  a critical  study  of  the  capacity  of  pyrimethamine  to  en- 
hance the  curative  activity  of  primaquine  uti  1 i zing  a constant 
dose  of  the  substituted  pyrimidine  and  decreasing  doses  of  the 
8-aminoquinoline. 

These  studies  have  shown  that  primaquine  is  rarely  curati  vc 
when  administered  in  daily  doses  of  0.375  mg  per  kg,  together 
with  chloroguine,  2.  5 mg  oer  kg.  A daily  dose  of  0.  5 mg  per 
kg  is  close  to  a CD-,q*  dose  of  0.7  5 mu  per  kg  approximates 
a CDgg. 
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T!;<.'  apparent  enhancement  of  tlie  prophylactic  md 
radical  curative  activities  of  primaquine,  attained  by  the 
concomitant  administration  of  WR-d03,  6t)  1.  led  to  plans  tor 
more  complete  assessment  of  the  radical  curative  component 
of  the  phenomenon.  Recognition  that  pyr imethiimine,  a well- 
studied  agent,  might  have  similar  enhancing  activities,  re- 
sulted in  alterations  in  those  plans.  Tliese  modi  f ications. 
pursued  without  increasing  the  numbers  of  monkeys  committed 
to  the  experiment,  reduced  the  strength  of  the  experiment 
to  little  more  than  another  pilot  investigation.  Since  the 
design  of  the  experiment  was  complicated,  a brief  description 
of  its  major  features  may  be  useful. 

Mach  of  24  rhesus  monkeys  was  inoculated  wi  th  1.  h x 10^^ 
sporozoites.  Infections  were  patent  eight  days  thereafter. 
When  parasitemias  approximating  10  per  lO’^  erythrocytes  were 
attained.  23  of  the  monkeys  were  assigned  to  various  treat- 
ment regimens;  the  24th  subject  served  as  an  untreated  control. 
The  specific  assignments  are  best  indicated  by  reference  to 
Table  38.  It  should  be  noted  that  chloroquine  was  a compo- 
nent of  all  treatment  regimens  and  was  administered  routinely 
f starting  48  hours  after  the  last  dose  of  primaquine.  WR-203.hhl. 
pyrimethamine,  or  their  combinations)  to  make  certain  that  blood 
schizonts  would  be  eliminated.  Su  h a procedure  was  deemed 
essential  since  the  amounts  of  WR-203.6hl  and  pyrimethamine 
included  in  some  combinations  were  below  the  doses  requi red 
for  cure  of  trophozoite-induced  infections. 

Treatment  of  relapses  was  dealt  with  on  a drug 
rotational  basis.  For  example,  monkeys  assigned  to  regimens 
containing  WR-203.fhl  for  treatment  of  primary  attacks  were 
assigned  to  regimens  containing  pyrimethamine  for  treatment 
of  first  relapses,  then  to  regimens  containing  WR-203.h('l  for 
second  relapses,  then  to  regimens  containing  pyrimethamine 
for  third  relapses,  etc.  in  the  .majority  ol  cases,  fi^llow-ue 
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treatment  with  chloroquine  was  not  carried  out  when  the  loses 
of  WR-d03,  6t  1 and  pyrimethamine  wore  increased  to  levels  known 
to  bo  capable  of  curinq  blood-induced  infections. 

Tlie  results  of  these  evaluations  have  been  summarized 
in  Table  39.  The  benefits  of  concomitant  administration  of 
WR-i03,otl  on  the  radical  curative  activity  of  primaquine  were 
apparent  in  this  study,  but  they  were  much  less  impressive 
tlian  in  the  pilot  experiments  described  above.  The  combina- 
tion of  1.  9 mg  WR-303,661  and  0.  188  mg  primaquine  per  kg  body 
weight  evoked  marked  extension  of  the  time  between  relapses. 
Combination  of  the  above  dose  of  WR-203.661  with  0 375  mg 
primaquine  per  kg  cured  four  of  six  infections.  Systematic 
curative  activity  was  not  encountered  in  any  pyrimethamine/ 
primaquine  regimen;  some  combinations  did  lead  to  extension 
of  the  interv’als  between  relapse. 

Despite  attempts  to  do  so,  there  was  no  easy  way  of 
reconciling  the  limited  enhancement  of  the  curative  activity 
of  primaquine  just  described  with  the  striking  enhancement  noted 
in  the  original  pilot  evaluation.  In  searching  for  an  expl  ana- 
tion  for  these  divergent  findings,  it  occurred  to  us  that  they 
could  be  related  to  differences  in  tissue  schizont  burdens, 
even  though  the  initial  sporozoite  inocula  were  essentially 
the  same.  Each  of  the  monkeys  employed  in  the  pilot  evalua- 
tion had  received  primaquine  previously  in  the  prophylactic 
component  of  the  study.  This  exposure  was  associated  with 
significant  prolongation  of  the  incubation  period.  In  most 
cases,  this  lengthening  could  not  be  attributed  to  persistence 
of  the  companion  drug  in  effective  blood  schizonticidal  con- 
centrations. It  seemed  more  reasonable  to  ascribe  the  delay 
in  onset  of  patency  to  injury  and  partial  destruction  of  sporo- 
zoite or  t i ssue  stage  progeny.  Thiswould  have  left  a residual 
tissue  stage  burden  much  smaller  than  that  which  prevails  in 
previously  untreated  infections.  This  lesser  burden  may  ha\'e 
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been  responsible  for  the  excellent  performance  of  tiic  combina- 
tions of  WR-203, 661  and  primaquine  in  the  initial  evaluation  of 
curative  activ'ity.  If  so,  a simi lar  resul t should  bo  attainable 
in  previously  untreated  infections  by  lowering  the  sporozoite 
inoculum.  Tlii s possibi  1 ity  led  to  design  of  an  exper  iment  aimed 
at  determining  wiiether  the  capacity  of  WR-203,661  to  enhance 
the  radical  curative  activity  of  primaquine  is  significantly 
influenced  by  the  size  of  the  sporozoite  inoculum. 

Twenty-eight  monkeys  were  assigned  to  this  radical 
curative  study.  All  were  inoculated  intravenously  witli  sporo- 
zoites derived  from  the  same  lot  of  inf  ected  mosqui  toes ; four- 
teen received  an  inoculum  of  8.  5 x 10^  sporozoites;  fourteen 

5 

received  an  inoculum  of  8.  5 x 10  sporozoites.  All  monkeys 
developed  patent  infections  eight  days  after  inoculation.  Drug 
treatments  were  initiated  as  soon  as  parasitemias  approximated 
10  per  10 ' erythrocytes.  Results  have  been  summarized  in 
Table  40. 

Comments  will  be  limited  to  the  results  achieved 
in  treating  primary  attacks  since  responses  of  relapses  can 
be  compromi  sed  by  previous  drug  experience,  particularly  when 
such  an  expel ience  covers  an  agent  like  primaquine  of  proven 
tissue  schizonticidal  activity.  The  data  in  Table  40  show 
that  WR-203.ht)l  was  remarkably  effective  in  enhancing  the 
curative  activity  of  primaquine  when  delivered  to  monkeys 
challenged  with  approximately  lO"^  sporozoites.  Thus  admin- 
istration of  WR-203,661  in  daily  doses  of  2.  5 mg  per  kg,  to- 
gether with  primaquine  at  doses  of  either  0.  188  or  0.  375  mg 
per  kg  resulted  in  cure  of  eight  of  eight  infections.  I’his 
response  contrasted  sharply  with  that  obtained  in  monkeys 
inoculated  with  approxim^itoly  10^  sporozoites.  None  of  four 
previously  untreated  infections  were  cured  by  administration 
of  primaquine  in  doses  of  0.  188  mg  per  kg  and  only  one  of 
four  infections  was  cured  by  doses  of  0.  375  mg 
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IC should  b noted  that  there  were  three  cures  at  this  dose 
level  amonvj  the  monkeys  previously  treated  with  0.  IBB  my  per 
kg  doses.  These  observations  emphasize  the  importance  of 
ttsing  relatively  modest  inocula  in  preliminary  ass<cssments 
of  the  capacities  of  second  ayents  to  enhance  the  curative 
activity  of  primaquine.  They  also  provide  a reasonable 
explanation  for  the  remarkable  benefits  derived  from  com- 
bining WR-203,661  and  primaquine  in  the  ini t ial pi lot  study 
of  curative  activ'ity. 

Interest  generated  by  the  capacity  of  WR-303.661 
to  enhance  the  radical  curative  activity  of  primaquine  led 
to  pilot  e.xplorat ions  of  the  capacities  of  other  agents  to 
produce  similar  benefits  and  specifically  to  a study  of  the 
efficacies  of  cordycepin.  erythromycin,  rifampin,  cyclohex- 
imide.  and  v'a  1 inomycin.  The  reasons  for  evaluating  these 
agents  liave  been  mentioned  earlier  and  will  not  be  repeated 
here.  The  experiment  followed  the  pattern  of  conventional 
curativ^e  drug  studies,  except  that  an  inoculum  of  -1.  5 x lO"^ 
sporozoites  was  employed.  Also,  chloroquine  was  included 
in  each  regimen  since  none  of  the  compounds  under  study 
exhibited  effective  blood  schizonticidal  activity  at  the 
doses  employed. 

The  results  of  the  assessments  performed  on  the 
above  miscellaneous  agents  (cf  Table  41)  show  that  none 
enhanced  the  curative  activity  of  primaquine  at  the  doses 
administered.  The  few  cures  obtained  in  recipients  of 
cordycepin.  erythromycin,  and  rifampin  were  probably  due 
to  the  primaquine/ chloroquine  component  of  the  coml^i nation 
which  by  itself  eliminated  previously  untreated  infections. 

A striking  feature  of  this  study  was  the  failure  to  e.xtend 
the  relapse  interval  when  any  of  the  compounds  was  adminis- 
tered in  combination  with  0.  188  mg  per  kg  doses  of  primaquine. 
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At  present,  WR-Z03,6('>1  stands  alone  with  respect  to 
capacity  to  enhance  the  radical  curative  activity  of  primaquine. 
Wliether  this  finding  is  of  practical  significance  remains  to  be 
determined.  More  information  is  required  on  the  impacts  of 
variations  in  sporozoite  dosage  on  this  enhancement,  particu- 
larly as  variations  in  inoculum  size  occur  in  humans  infected 
with  P.  vi vax  under  natural  conditions.  More  information  is 
required  on  the  importance  of  the  dosage  regimen  of  WR-Z03,661. 
The  need  for  companion  administration  of  chloroquine  is  a matter 
for  further  study.  Evaluations  of  the  toxicity  of  combinations 
of  WR-203,661  and  primaquine  (and  possibly  chloroquine)  are 
essential.  Difficulties  in  this  area  would  not  be  anticipated 
because  of  the  dose  of  WR-203,  661  required  for  enhancement  - 
the  human  equivalent  of  0.  8 mg  per  kg  - but  hard  information 
on  the  safety  of  the  combination  is  required.  Finally,  if  the 
results  of  all  evaluations  favor  application  of  WR-203,661  as 
a companion  drug  to  primaquine,  careful  consideration  must  be 
given  to  the  impacts  of  such  use  on  the  future  of  lincomycin 
and  its  congeners  as  antimicrobial  drugs. 

In  concluding  this  section,  it  should  be  stressed 
that  whether  combination  therapy  with  primaquine  and  WR-203,661 
proves  to  be  practical  or  not  is  probably  less  important  than 
the  demonstration  that  it  is  possible  to  improve  the  activity 
of  this  8-aminoquinoline.  This  finding  should  encourage  more 
extensive  investigations  of  the  enhancement  approach  to  develop- 
ment of  more  effective  curative  drug  regimens  in  which  primaquine 
(or  other  8-aminoquinoline)  is  a component  of  the  combination. 
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TABLE  36 

THE  CAPACITIES  OF  WR-203.661  AND  MISCELLANEOUS  BLOOD  SCHIZONTICIDES 
TO  ENHANCE  THE  PROPitYLACTIC  ACTIVITY  OF  PRIMAQUINE 
IN  RHESUS  MONKEYS  CHALLENGED  WITH  SPOROZOITES 
OF  THE  B STRAIN  OF  PLASMODIUM  CYNOMOLGI 


Prophylactic  Regimen* 

Day  of  Patency 
after  Challenge 

Days  Delay 
in  Onset 
of  Patencyl 

Companion  Drug 

1 Primaquine 

Mmu 

No. 

Name/WR-  No. 

Daily  Dose 
Mg/Kg  Body  Weight 

_ 

■m 

0.  375 

8158 

18  1 

10 

- 

0.  375 

8189** 

16 

8 

- 

0.  75 

8159 

1 

Protected 

>7  9tt 

20.  0 

8230 

27 

19 

Proguani 1 

20.  0 

0.  375 

8232 

31 

23 

Pyrimethamine 

0.  6 

- 

8223 

25 

17 

0.  6 

0.  37  5 

8224 

48 

40 

WR-158,  122 

10.  0 

- 

8182 

18 

10 

10.  0 

0.  375 

8183 

21 

I 

13 

Oxy tetracycline 

80.  0 

0.  37  5 

8201 

1 

12 

1 

9 

80.  0 

8222 

28 

20 

i 

80.  0 

8192  1 

1 

21 

1 

13 

WR-203,  659 

80.  0 

0.  37  5 

8193 

Protected 

>79 

10.  0 

_ 

8159** 

30 

22 

10.  0 

- 

8188 

35 

27 

WR-203,  661 

0.  156 

0.  375 

8281** 

21 

13 

0.  625 

0.  375 

8193** 

50 

4 2 

2.  5 

0.  375 

8282** 

Protected 

>70 

10.  0 

0.  37  5 

1 

8189 

Protected 

L 

>79 

* 

Drugs  delivered  the  day  prior  to  sporozoite  challenge,  two  hours 
before  challenge,  and  daily  for  seven  days  after  challenge. 


* * 

Monkeys  so  designated  were  in  second  pilot  experiment. 

^Infections  in  untreated  controls  were  patent  on  Day  8 after 
inoculation. 

^Absence  of  parasitemia  on  these  days  is  synonymous  with  complete 
protection. 
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TABLE  37 

THE  CAPACITIES  OF  WR-203,661  AND  MISCELLANEOUS  BLOOD  SCHIZONTICIDES 
TO  ENHANCE  THE  RADICAL  CURATIVE  ACTIVITY  OF  PRIMAQUINE 
IN  RHESUS  MONKEYS  INFECTED  WITH  THE  B STRAIN 
OF  PLASMODIUM  CYNOMOLGI 


Curative  Regimen 


Companion  Drug 


Name/WR-  No. 


Primaquine 


Daily  Dose 
Mg/Kg  Body  Weight 


Response  to  Treatment 


Relapsed 


Days  Between  I Cured 
Rx  and  Relapse 


Chloroquine 


Proguanil 


Pyrimethamine 


WR-158,  122 


WR-203,  659 


10.  0 

10.  0 


^4-4-  1 • 80-0 
Oxytetracycline  qq  q 


80,  0 

80.  0 


0.  375 


0.  375 
0.  375 


0.  375 
0.  375 


0.  375 
0.  375 


0.  375 
0.  375 


0.  188 
0.  188 
0.  188 
0.  188 

0.  375 


8158P 


8230P 

8232P 


8223P 

8224P 


8182P 

8183P 


8201P 

8202P 


8192P 

8201R1 


8159P 

8189P 

8193P 

8281P 

8188P 


Primaquine  and  companion  drug  administered  simultaneously, 
once  daily  for  seven  consecutive  days. 
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■ TABLE  38 

DOSAGE  REGIMENS  AND  ASSIGNMENTS  EMPLOYED  IN  THE  COMPARISON 
OF  THE  CAPACITIES  OF  WR-203,661  AND  PYRIMETHAMINE 
TO  ENHANCE  THE  RADICAL  CURATIVE  ACTIVITY  OF 

PRIMAQUINE 


Drug  Regimen  - Mg  Base/Kg  Body  Weight  Daily  x 7 


Mmu 

No. 

Primary 

Attack 

Post -Primary* 

Primaquine 

Pyrimethamine 

WR-203,  661 

Chloroquine 

Chloroquine 

8332  ^ 

0.  5 

0.  15 

1 

5.  0 

8333 

0.  25 

0.  15 

- 

- 

5.  0 

8334 

0.  125 

0.  15 

- 

- 

5.  0 

8335 

1 

0.  06  25 

0.  15 

- 

5.  0 

8336 

0.  25 

0.  075 

— 

_ 

5,  0 

8340 

0.  25 

0.0375 

- 

- 

5.  0 

8342 

0.  25 

0.  0188 

- 

- 

5.  0 

8343 

0.  25 

1 

0.  0094 

1 

- 

5.  0 

8346 

0.  5 

— 

2.  5 

5.  0 

8347 

0.  25 

- 

2.  5 

- 

5.  0 

8352 

0.  125 

- 

2.  5 

- 

5.  0 

8353 

0.  0625 

- 

2,  5 

- 

5.  0 

8358 

0.  25 

- 

1.  25 

5.  0 

8359 

0.  25 

- 

0.  625 

- 

5.  0 

8360 

0.  25 

- 

0.  312 

- 

5.  0 

8361 

0.  25 

- 

0.  156 

- 

5.  0 

8362 

— 

0.  15 

- 

5.  0 

8363 

- 

0.  6 

- 

- 

5.  0 

8364 

_ 

- 

2.  5 

— 

5.  0 

8365 

- 

- 

10.  0 

- 

5.  0 

8366 

0.  25 

- 

- 

5.  0 

8367 

0.  5 

1 

- 

- 

5.  0 

8378 

- 

1 - 

— 

2.  5 

5.  0 

8381 

~ 

— 

— 

— 
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INFLUENCE  OF  THE  SIZE  OF  THE  SPOROZOITE  INOCULUM  ON  THE  CAPACITY  OF  WR-203.661 
TO  ENHANCE  THE  RADICAL  CURATIVE  ACTIVITY  OF  PRIMAQUINE 
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TABLE  4 1 


ASSESSMENTS  OF  THE  CAPACITIES  OF  COKDYCEPIN.  ERYTHROMYCIN.  RIFAMPIN, 
CYCLOHEXIMIDE.  AND  VALINOMYCIN  TO  ENHANCE  THE  RADICAL  CURATI\T: 

ACTIVITY  OF  PRIMAQUINE 


Curative  Regimen 

Response  to  Treatment 

Companion  Drug 

Primaquine 

Mmu 

No. 

Relapsed 

Name/WR-  No, 

Daily  Dose 
Mg/Kg  Body  Weight* 

Days  Between 
Rx  and  Relapse 

Cured 

- 

0.  188 

8447P 

39 

- 

- 

0.  375 

8448P 

- 

+ 

1.  0 

- 

8449P 

7 

- 

1.  0 

0.  188 

8463P 

8 

- 

1.0 

0.  188 

8449R1 

14 

- 

Cordycepin 

1.  0 

0.  37  5 

8463R1 

- 

+ 

5.  0 

- 

8453P 

5 

- 

5.0 

0.  188 

8464P 

11 

- 

5.  0 

0.  188 

8453R1 

7 

- 

5.  0 

0.  375 

8464R1 

- 

+ 

10.  0 

- 

8470P 

4 

- 

10,  0 

0,  188 

8497P 

8 

- 

10.  0 

0.  188 

8470Ri 

9 

- 

Erythromycin 

10.  0 

0.  375 

8497 Ri 

- 

50.  0 

- 

8471P 

4 

- 

50.  0 

0,  188 

8498P 

8 

_ 

50.  0 

0.  188 

847 IRi 

7 

- 

50.  0 

0.  375 

8498Ri 

69 

- 

5.  0 

- 

8500P 

4 

- 

5.  0 

0.  188 

8518P 

8 

- 

5.  0 

0.  188 

8500Ri 

13 

- 

Rifampin 

5.0 

0.  375 

8518R1 

- 

+ 

20.  0 

- 

8508P 

4 

- 

20.  0 

0.  188 

8531P 

4 

- 

20.  0 

0.  188 

8508R1 

8 

- 

20.  0 

0,  375 

8531R1 

10 

- 

CN'cl  ohcx  imide 

10.  0 

- 

8382R]^ 

7 

- 

WR-13,  255 

10.  0 

0.  188 

8508R2 

13 

- 

Valinomycin 

5.  0 

- 

8391Ri^ 

7 

- 

WR-12 4,  892 

5,  0 

0.  188 

8471R2 

9 

- 

♦ 

Each  aubject  received  chloroquine,  2.  5 mg/kg  daily,  concomitantly 
with  primiguine  ind  companion  drug. 
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XIV.  THE  CAPACITY  OF  CHLOROQUINE  TO  CURE  SPOROZOITE-INDUCED 
INFECTIONS  - WITH  EMPHASIS  ON  THE  SIZE  OF  THE  INOCULUM 


XIV.  THE  CAPACITY  OF  CHLOROQUINE  TO  CURE  SPOROZOITE-INDUCED 


INFECTIONS  - WITH  EMPHASIS  ON  THE  SIZE  OF  THE  INOCULUM 

In  1946,  when  infections  with  sporozoites  of  the 
M strain  of  P,  cynomolgi  were  first  used  in  the  search  for 
a curative  8-aminoquinoline  better  tolerated  and  more  active 
than  pamaquine,  quinine  was  employed  as  a companion  drug  to 
insure  elimination  of  blood  schizonts.  Control  experiments 
showed  that  repetitive  delivery  of  quinine  alone  (in  doses  of 
80.  0 mg  per  kg  daily  for  seven  days  or  40.  0 mg  per  kg  daily 
for  fourteen  days)  during  the  primary  attack  and  successive 
relapses,  spread  over  a twelve  month  post-inoculation  period, 
was  without  curative  effect.  Similar  control  experiments  were 
carried  out  with  chloroquine  in  1950-1951,  when  the  role  of 
companion  blood  schizonticide  was  accorded  this  4-aminoquinoline. 
These  showed  that  repetitive  delivery  of  chloroquine  at  doses 
of  2.  5 mg  per  kg  daily  for  seven  days  or  5.  0 mg  per  kg  daily 
for  four  days  would  not  cure  infections  with  sporozoites  of  the 
M strain  . Comparable  results  were  obtained  in  early  196  0 when 
the  M strain  of  £.  cynomolgi  was  replaced  by  the  strain.  These 
studies  led  to  the  conclusion  that  cures  resulting  from  adminis- 
tration of  a prospective  curative  compound  with  either  companion 
drug  would  have  to  be  ascribed  to  the  new  agent. 

In  the  current  Malaria  Chemotherapy  Program,  the 

same  infected  monkey  has  been  maintained  for  evaluating  the 

activities  of  new  agents  as  long  as  relapses  occur;  in  some 

cases,  reuses  have  covered  more  than  a year  following  sporo- 

* * 

zoite  inoculation  , Throughout  this  Program,  responses  to 


★ 

These  evaluations  were  carried  out  in  monkeys  inoculated 
with  10^  to  lO'^  sporozoites. 

* * 

In  pre-1960  studies,  the  period  of  animal  use  was  much 
shorter  than  this,  because  when  treatment  of  a primary  attack 
or  first  relapse  with  a new  compound  did  not  lead  to  cure,  the 
second  relapse  was  invariably  treated  with  a known  activ^e  agent 
( e.  g. , pamaquine,  pentaquine,  or  isopentaquine)  to  determine 
more  effective  ways  of  delivering  the  compound. 
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the  chloroquine  component  of  the  curative  dose  regimen  have 
been  checked  repeatedly.  No  infection  has  been  cured  by 
repeated  administration  of  chloroquine  alone  in  course  doses 
of  2.  5 or  5.  0 mg  base  daily  for  seven  days.  These  checks 
have  provided  additional  support  for  the  conclusion  that 
chloroquine  will  not  cure  infections  induced  by  moderate  to 
large  doses  of  sporozoites  when  administered  repetitively 
with  another  drug  for  periods  in  excess  of  a year. 

However,  the  situation  when  chloroquine  is  adminis- 
tered by  itself  may  not  be  quite  the  same  as  when  chloroquine 
is  administered  with  barely  sub-curative  doses  of  a known 
curative  drug  or  a new  agent  with  marginal  curative  activity. 
In  such  situations,  often  identified  by  association  with  pro- 
tracted intervals  between  relapses,  the  pool  of  tissue schi zonts 
may  be  reduced  to  a level  just  large  enough  to  ini tiate  the  next 
relapse,  but  too  small  to  reseed  the  hepatocytes.  Under  this 
circumstance,  elimination  of  the  blood  schizonts  (by  chloroquine) 
would  result  in  cure.  If  this  possibility  is  real,  and  goes 
unrecognized,  time  could  be  lost  and  false  hopes  generated  by 
following  "leads"  on  false  positives. 

The  possibility  that  chloroquine  by  itself  can  be 
curative  was  explored  in  relapses  occurring  after  an  unduly 
long  parasite  negative  period  (30+  days).  The  results  of 
this  effort  were  equivocal,  probably  because  of  the  hetero- 
geneity of  the  material  employed  in  the  test.  They  led  to 
the  decision  to  measure  directly  the  influence  of  the  size 
of  the  sporozoite  inoculum  (ergo,  tissue  schizont  burden) 
on  the  curative  capabilities  of  chloroquine. 

Seventeen  monkeys  were  committed  to  this  study. 

As  shown  in  Table  42,  five  received  inocula  of  5 sporozoites, 
five  5 X 10^  sporozoites,  three  5 x 10“^  sporozoites,  and  four 


SOk.  TM»  WS  Rtst*RC»1  INKTITUTI 


-dZl- 


5 X 10^'  sporoxoites.  Two  of  the  recipients  of  5 sporoxoites 
did  not  develop  parasitemias  . The  other  three  recipients  of 
5 sporozoites  developed  patent  infections  with  incubation  periods 
of  13,  19,  and  42  days.  All  monkeys  inoculated  v/ith  5 x 10 

or  larger  numbers  of  sporozoites  developed  patent  infections. 
The  incubation  periods  were  eight  days  in  recipients  of  5 x 10"^ 
or  5 X 10^’  sporozoites,  nine  to  eleven  days  in  recipients  of 
5 x 10^  sporozoites. 

As  soon  as  it  was  certain  that  infections  were  patent 
(equivalent  to  exhibition  of  two  positive  thick  films  on  con- 
secutive days),  chloroquine  treatment  was  initiated  at  a dose 
of  5.  0 mg  per  kg  body  weight,  daily  for  five  consecutive  days. 
Thick  film  assessments  were  carried  out  on  an  every  other  day 
or  daily  schedule  throughout  the  study.  As  soon  as  relapses 
were  identified  and  confirmed,  chloroquine  was  administered  as 
described  above.  This  procedure  precluded  development  of  count- 
able parasitemias  and  thereby  acquisition  of  a significant  level 
of  immunity. 

The  results  of  chloroquine  treatment,  summarized 
in  Table  43,  show  that  infections  induced  by  5 sporozoites 
were  cured  by  the  first  course  of  chloroquine.  No  other  in- 
fections were  cured  by  9 to  24  chloroquine  courses  delivered 
over  a period  slightly  in  excess  of  ten  months.  The  numbers 
of  relapses  and  the  intervals  between  relapses  varied  roughly 
with  the  size  of  inoculum.  Thus,  recipients  of  5 x 10^  sporo- 
zoites exhibited  9 to  12  relapses  and  median  intervals  between 
relapse  of  14  to  18.5  days;  recipients  of  5 x 10^  sporozoites 
exhibited  17  to  24  relapses  with  median  interrelapse  intervals 
of  4.  5 to  11  days. 


★ 

These  monkeys  were  rechallenged  225  and  249  days  after 
the  original  inoculation  and  proved  to  be  susceptible. 
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This  experiment  is  still  in  progress.  It  has  gone 
far  enough,  however,  to  show  that  when  the  burden  of  tissue 
stages  is  barely  large  enough  to  initiate  an  infection,  eradi- 
cation of  the  blood  schizonts  by  chloroquine  can  be  synonymous 
with  cure  of  the  disease.  It  would  be  totally  incorrect  to 
ascribe  tissue  schizonticidal  activity  to  chloroquine  in  this 
situation.  Nonetheless,  the  phenomenon  is  an  important  one, 
not  just  in  the  readily  definable  milieu  of  the  current  exper- 
iment, but  in  the  long  standing  infection  when  a substantial 
interrelapse  period  may  reflect  a tissue  burden  just  equal  to 
reinitiating  infection  of  the  erythrocytes.  From  the  practical 
point  of  view,  it  may  be  wise  to  avoid  using  long  term  relapses 
for  evaluation  of  new  agents.  The  best  that  might  be  said  for 
their  use  is  that  if  another  relapse  does  occur,  such  shows 
clearly  that  the  test  compound  is  truly  inactive,  at  least  at 
the  dose  administered. 


i 
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TABLE  4 2 

THE  INFLUENCE  OF  INOCULUM  SIZE  ON  THE  INCUBATION  PERIOD  IN  RHESUS  MONKEYS 
CHALLENGED  WITH  SPOROZOITES  OF  THE  B STRAIN  OF  PLASMODIUM  CYNOMOLGI 


No.  of 

1 

Mmu 

No, 

Day  of  Patency 

Sporozoites 

after  Sporozoite 

Remarks 

in  Inoculum 

Inoculation 

7 903 

- 

Rechallenged  with  10^  sporozoites 
Day  249,  infection  patent  Day  8. 

7908 

- 

Rechallenged  with  10^  sporozoites 

5 

7849 

19 

Day  225,  infection  patent  Day  8, 

7901 

13 

7905 

42 

7846 

11 

7847 

11 

5 X 10^ 

7848 

11 

7906 

9 

7907 

9 

7431 

8 

1 

5 X 

7841 

8 

7 84  5 

8 

7843 

8 

7844 

8 

5 X lO*’ 

8150 

8 

8173 

i ^ 

TABLE  43 

THE  INFLUENCE  OF  THE  SPOROZOITE  INOCULUM  ON  THE  COURSE  OF  INFECTIONS 
WITH  THE  B STRAIN  OF  PLASMODIUM  CYNOMOLGI  AND  ON  THE  CAPACITY 
OF  CHLOROQUINE  TO  "CURE"  SUCH  INFECTIONS 


No.  of 
Sporozoites 
in  Inoculum 

Mmu 

No. 

No.  of 
Relapses^ 
Observed 

Days  Between  Treatment  and  Relapse 

Median 

Range 

7849 

0 

- 

_ 

5 

7901 

0 

- 

- 

7905 

0 

- 

- 

7846 

> 9 

14.  0 

11  - 38 

7847 

>10 

18.  5 

10  - 29 

5 X 10^ 

7848 

>12 

16.  5 

8-39 

7906 

>12 

15,  0 

7-42 

7907 

>11 

17.  0 

8-36 

7431 

> 9 

12.  0 

7-23 

5 X lO'^ 

7841 

>16 

9.  5 

3-22 

7845 

>15  + 

9.  0 

5-14 

7843 

>17 

11.  0 

<2  - 32 

L 

7844 

>24 

4.  5 

<2-18 

5 X 10^ 

8150 

>13  + 

7.  0 

<2  - 25 

8173 

>21 

9.  0 

<2-15 

★ 

At  Day  317  post-inoculation. 


^Mmu  7845  died  from  a pneumococcal  lobar  pneumonia  on  Day  255 
post-inoculation,  six  days  after  Relapse  15;  Mmu  8150  died  of  a 
peritonitis  (Klebsiella  pneumoniae)  Day  230  post-inoculation, 
thirteen  days  after  Relapse  13. 
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XV.  A COMPARISON  OF  THE  PLASMA  LEVELS  OF  WR-158,  122 
IN  OWL  AND  RHESUS  MONKEYS 

The  studies  described  in  this  Section  represent 
an  effort  to  find  an  explanation  for  some  of  the  unusual  and 
contradictory  biological  properties  of  WR-158,  122,  one  of 
the  three  most  active  quinazolines  examined  in  the  Malaria 
Chemotherapy  Program,  and  at  one  time  considered  to  be  a 
highly  promising  blood  schizonticide.  The  characteristics 
of  WR-158,  122  which  have  led  to  this  study  are  summarized 
briefly  below. 

WR-158,  122  ^2,  4-diamino-6 -( 2-naphthyl ) -6 -sulfonyl- 
quinazolinej  exhibited  remarkable  activity  in  owl  monkeys 
infected  with  the  pyrimethamine-susceptible  Oak  Knoll  strain 
of  £.  falciparum,  curing  established  infections  at  daily  doses 
between  0.  05  and  0.  1 mg  per  kg.  Activity  was  reduced  substan- 
tially in  the  face  of  pyrimethamine  resistance.  However,  the 
liabilities  of  such  resistance  could  be  controlled,  if  not 
largely  eliminated,  by  concomitant  administration  of  very 
small  doses  of  a sulfonamide  such  as  sulfadiazine. 

In  sharp  contrast  to  its  remarkable  activity 
against  infections  with  various  human  plasmodia  in  the  ovv^l 
monkey.  WR-158,  122  exhibited  only  modest  activity  against 
infections  with  the  B strain  of  £.  cynomolgi  in  the  rhesus 
monkey.  Doses  of  10.0  mg  per  kg  (one  hundred  times  those  that 
cured  infections  with  the  Oak  Knoll  strain  of  £.  falciparum) 
were  required  to  cure  infections  with  trophozoites  of  the 
above  strain  of  I^.  cynomolgi.  Both  strains  are  pyrimethamine 
sensitive. 
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Observations  in  hiiman  volunteers  were  even  more 
disquieting.  Thus,  WR-158,  122  exhibited  a high  capacity  for 
inhibiting  maturation  of  parasites  of  a drug  susceptible  strain 
of  F^.  falciparum  in  Rieckmann's  vitro  test  when  the  pure 
compound  was  added  to  human  plasma  in  very  small  quantities 
equivalent  to  a fraction  of  a microgram  per  ml.  Plasma  samples 
obtained  from  non-infected  volunteers  at  various  periods  after 
ingestion  of  250  mg  doses  of  this  quinazoline  showed  no  capac- 
ity to  block  maturation  of  parasites  of  the  same  strain.  Such 
doses,  the  equivalent  of  3.5  mg  per  kg  for  a volunteer  weighing 
70  kg,  were  at  least  thirty  times  the  dose  required  to  cure  an 
established  infection  with  the  Oak  Knol 1 strain  in  the  owl  monkey 

It  is  quite  possible  that  the  striking  di screpancies 
in  the  biological  activities  of  WR-158,  122  referred  to  above 
could  be  due  to  differences  in  the  capacities  of  rhesus  monkeys, 
owl  monkeys,  and  humans  to  absorb  and  metabolize  this  quinazoline. 
The  studies  summarized  below  represented  a multi-institutional 
effort  aimed  primarily  at  investigating  the  first  of  these  pos- 
sibilities. They  included;  (1)  collection  in  this  laboratory 
of  plasma  samples  from  owl  and  rhesus  monkeys  that  had  received 
various  doses  of  WR-158,  122;  (2)  collection  in-  Dr.  Arnold's 

laboratory  (Kansas  City,  Missouri)  of  plasma  samples  from  human 
volunteers  treated  with  a similar  range  of  doses;  and  (3)  anal- 
ysis of  the  various  samples  for  "WR-158,  122"  content  via  use 
of  a microbiological  assay  procedure  in  the  laboratories  of 
C.  Genther  and  C.  Smith  (University  of  Cincinnati). 

Twelve  owl  monkeys  and  eight  rhesus  monkeys  were 
committed  to  the  simian  component  of  the  study  as  originally 
designed.  Groups  of  three  owl  monkeys  were  given  doses  of  0.35. 
1.  7 5.  3.  5,  and  12.  5 mg  WR-158,  122  per  kg  body  weight.  Groups 

of  two  rhesus  monkeys  were  given  doses  of  0.  35.  1,  7 5.  3.  5 and 

10.  0 mg  per  kg  body  weight.  Blood  samples  were  withdrawn  in 
heparinized  glass  syringes  one  hour  prior  to  drug  administra- 
tion. and  one.  three,  six.  and  twenty-four  hours  thereafter; 
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those  samples  were  obtained  from  the  left  ventricular  cli.tmber 
of  tlie  owl  monkey  and  from  the  antocubital  vein  of  the  rhesus 
monkey.  Plasma,  separated  immediately  by  centrifugation,  was 
transferred  to  a Vacutainer  and  stored  at  4°C  until  shipment 
to  Cincinneiti.  packed  in  wet  ice.  All  phases  of  blood  collec- 
tion. plasma  separation,  and  final  transfer  wore  carried  out 
aseptically.  Because  of  concerns  with  the  results  of  the  rhesus 
monkey  component  of  thi s experiment,  a repeat  study  was  under- 
taken with  a new  group  of  eight  subjects  manipulated  precisely 
as  described  above.  Plasma  samples  from  these  monkeys  were 
analyzed  with  a more  sensitive  assay  procedure. 

The  results  of  the  owl  monkey  segment  of  the  above 

★ 

experiment,  summarized  in  chart  form  in  Figure  3 , show  that 
significant  concentrations  of  "WR-158,  122"  were  achi eved  i n the 
plasma  of  all  subjects  and  that  the  average  plasma  lev^els  at 
any  given  period  correlated  well  with  dose.  There  were  varia- 
tions in  levels  among  the  recipients  of  a given  dose,  but  these 
were  not  greater  than  would  be  anticipated  in  experimental  ani- 
mals with  heterogeneous  backgrounds.  Figure  3 also  shows  that 
with  minor  exceptions,  plasma  levels  of  "WR-158,  122"  peaked  at 
approximately  three  hours  and  declined  rather  slowly  thereafter. 
In  two  of  each  three  recipients  of  doses  of  0.35  and  1.75  mg  per 
kg.  levels  had  fallen  below  measurable  concentrations  twenty-four 
hours  after  dosage.  In  one  of  each  three  recipients  of  these 

■*  ■* 

doses,  and  in  all  recipients  of  doses  of  3.  5 and  12.  5 mg  per  kg  . 
readily  measurable  concentrations  of  "WR-158, 122"  were  still 
present  at  this  time.  In  fact,  the  twenty-four  hour  levels  in 
the  recipients  of  the  larger  of  these  doses  exceeded  peak  levels 
in  recipients  of  0.35  mg  per  kg  doses. 

*• 

The  "WR-158.  122"  measurements  recorded  in  thi s Figure  and 
Figures  4 and  5 were  obtained  and  provided  by  Clara  Genther. 
University  of  Cincinnati. 

* * 

This  dose  and  the  10.0  mg  per  kg  dose  administered  to 
rhesus  monkeys  were  included  in  the  experiment  because  on 
a mg  per  basis,  they  are  equivalent  to  the  250  mg  dose 
which  Rieckmann  utilized  in  the  human  volunteer  experiments 
referred  to  aliove. 
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Ihe  results  summarized  above  provide  solid  support 
for  at  least  two  conclusions:  (1)  that  WR-158,  122  is  well  and 

regularly  absorbed  from  the  gastrointestinal  tract  of  the  owl 
monkey;  and  (2)  that  the  excretion,  tissue  localization,  and/or 
metabolism  of  WR-158,  122  in  the  owl  monkey  proceed  in  highly  re- 
producible ways.  These  qualities  are  in  accord  with  and  provide 
a reasonable  pharmacologic  base  for  the  consistent  performance 
of  WR-158.  122  in  therapy  of  infections  with  various  strains  of 
falciparum  and  vivax  in  the  owl  monkey. 

As  indicated  above,  two  studies  were  pursued  in  the 
rhesus  monkey.  The  results  of  the  first  of  these  have  been 
su.mmarized  in  Figure  4,  the  results  of  the  second  in  Figure  5. 
Note  should  be  taken  of  the  difference  in  the  log  scales  in 
these  figures,  a reflection  of  the  use  of  a more  sensitive 
bioassay  procedure  in  the  second  study  (Figures),  which  made 
measurement  of  the  lower  concentrations  feasible. 

In  most  respects,  the  results  of  the  first  rhesus 
monkey  experiment  (Figure  4)  are  in  sharp  contrast  to  the 
results  in  the  owl  monkev  arm  of  the  study  summarized  above. 
Thus,  in  the  rhesus  monkey  there  were:  (1)  broad  variations 

in  the  plasma  levels  of  "WR-158.  122"  attained  in  different 
recipients  of  the  same  dose;  (2)  no  apparent  relation  between 
height  of  pi a.sma  level  and  dose;  (3)  no  persistence  of  "WR-158,  12 2" 
(all  plasma  samples  obtained  twenty-four  hours  after  dosage 
appeared  to  be  free  of  "WR-158,  122" ) ; and  (4)  low  levels  of 
"WR-158,  122"  at  all  sampling  periods.  The  only  real  similarity 
in  results  with  the  two  species  was  the  time  at  which  levels 
of  "WR-158.  122"  appeared  to  peak,  three  hours  after  dosage  in 
both  cases.  Overall,  the  data  on  the  rhesus  monkey  were  dif- 
ficult to  interpret  and  understand,  especially  that  component 
which  shows  no  relation  between  dose  and  pliisma  level.  Tims 
finding  is  in  direct  opposition  to  the  dose  - theraneut ic  ef feet 
relationship  which  characteri zed  the  activity  of  WR-158. 122 
against  infections  with  £.  cynomolgi. 
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In  some  respects,  the  results  of  the  second  rhesus 
monkey  study  were  an  improvement  over  the  first.  The  levels 
of  "WR-158,  12Z"  in  plasma  of  different  recipients  of  the  same 
dose  were  more  similar.  In  general,  the  height  of  the  plasma 
level  increased  with  dose.  "WR-158,  122"  could  bo  detected  jn 
plasma  twenty-four  hours  after  administration  of  WH-15b, 122, 
but,  except  for  the  recipients  of  the  largest  dose  (10,0  mg 
per  kg),  the  concentrations  at  this  period  bore  little  reia- 
tion  to  dose.  As  with  the  initial  rhesus  monkey  experiment, 
the  levels  of  "WR-158,  122"  achieved  at  any  given  dose  were 
well  below  those  found  in  the  owl  monkey  phase  of  the  study. 

It  is  difficult  to  explain  the  observations  summa- 
rized above.  It  would  appear  that  WR-158, 122  is  absorbed  less 
well  and  less  regularly  in  the  rhesus  monkey  than  in  the  owl 
monkey.  It  could  be  that  the  compound  is  also  excreted  or 
metabolized  more  rapidly  in  the  former  subject.  It  is  highly 
important  for  the  future  of  WR-158,  122  (and  probably  for  other 
quinazolines)  that  efforts  be  made  to  determine  the  cause  of 
the  above  variability.  If  the  latter  results  from  an  absorp- 
tion defect,  measures  might  be  developed  which  would  eliminate 
that  problem.  If  the  variability  stems  from  differences  in 
rate  or  quality  of  metabolism,  correction  could  well  be  an 
unapproachable  task. 

The  data  summarized  in  the  above  sections  help  to 
understand  the  striking  difference  in  antimalarial  activity 
noted  in  the  owl  and  rhesus  monkey  models.  The  difference 
could  be  strictly  related  to  the  dose  required  to  produce 
a critical  plasma  level.  In  this  connection,  it  should  bo 
pointed  out  that  in  the  current  study,  the  lowest  dose  ad- 
ministered to  the  owl  monkey,  0.35  rag  per  kg,  and  the  largest 
dose  administered  to  the  rhesus  monkey,  10.0  mg  per  kg,  yielded 
similar  concentrati ons  of  "WR-158,  122"  in  plasma. 
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Data  on  the  plasma  levels  of  "WR-158,  122"  in  human 
volunteers  are  not  available  at  this  time.  Correlation  of  such 
data,  with  those  of  the  owl  and  rhesus  monkey  experiments,  is 
obviously  of  critical  importance  to  trials  of  this  quinazoline 
in  human  volunteers. 
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XVI.  THE  COMPARATIVE  TOXICITIES  OF  PRIMAQUINE  AND  ITS 
D AND  L COMPONENTS  (WR-211,  536  AND  WR-211,  537) 

FOR  THE  RHESUS  MONKEY 

As  related  in  Section  X,  interest  in  the  D and  L 
forms  of  primaquine  (respectively,  WR-211,  536  and  WR-211,  537), 
stemmed  originally  from  the  observation  that  the  acute  toxici ty 
of  the  D form  for  the  mouse  is  approximately  four  times  that 
of  the  L form . This  interest  was  enhanced  by  the  finding  that 
the  radical  curative  activities  of  primaquine  and  its  isomers 
were  essentially  the  same.  If  the  quantitative  differences  in 
the  toxicities  of  the  D and  L isomers  noted  in  the  mouse  carried 
over  to  other  species,  WR-211,  537  offered  distinct  advantages 
over  primaquine.  Concern  with  this  issue  led  to  a preliminary 
comparison  of  the  subacute  toxicity  of  primaquine  and  its  D 
and  L components  for  the  rhesus  monkey. 

Thirteen  rhesus  monkeys,  both  males  and  females,  4.  0 
to  5.0  kg  in  weight,  were  used  in  a direct  compound-f or-compound 
comparison.  Two  of  the  above  number  received  primaquine^ * four 
the  D isomer  (WR-211,  536),  and  seven  the  L isomer  (WR-211,  537). 
All  monkeys  had  been  used  previously  in  assessing  radical  cura- 
tive activities  of  various  new  agents  and  had  been  discarded  as 
cured  after  a minimum  follow-up  period  of  eighteen  weeks  since 
receiving  the  treatment  which  terminated  their  malarial  infections. 


*This  finding  originated  at  WRAIR,  but  has  been  confirmed  in 
principle  in  this  laboratory.  When  administered  orally  to  female 
BDF]^  mice  in  single  doses,  the  LD5o's  for  WR-211,  536,  primaquine, 
and  WR-211,  537  were  42,  100,  and  150  mg  base  per  kg  body  weight; 

the  LDj^O's  were  24,  7 2,  and  110  mg  base  per  kg,  for  the  respective 
compounds. 

**The  tabulated  data  list  the  reactions  of  nine  monkeys 
treated  with  primaquine.  .Mmu  8279  and  Mmu  8193  were  utilized 
in  the  current  experiment.  The  other  seven  recipients  of  pri- 
maquine had  been  employed  in  earlier  comparative  toxicity  studies 
involving  other  drugs,  investigations  pursued  with  the  same 
methodology  as  was  used  in  the  present  study.  Inclusion  of 
the  data  on  these  seven  monkeys  strengthens  the  observations 
on  Mmu  8279  and  Mmu  8193. 
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The  experimental  procedures  used  in  the  cuircnt 
assessment  were  briefly  as  follows.  Complete  blood  counts 
and  measurements  of  a limited  group  of  chemical  constituents 
in  peripheral  blood  were  carried  out  on  at  least  two  occasions 

'fc 

prior  to  drug  delivery  . Upon  assurance  of  norm.ality  and 
stability  of  the  formed  elements  and  biochemical  const!  tuents. 
administration  of  the  various  agents  was  initiated.  The 
requisite  amount  of  each  compound,  freshly  dissolved  in  30  ml 
of  disti  lied  water  was  delivered  via  stomach  tube  and  followed 
by  a 20  ml  distilled  water  rinse.  Drug  administration  was 
accomplished  on  each  of  the  planned  seven  consecutive  treat- 
ment days  between  8:00  and  8:15  a.  m.  Monkeys  were  weighed 
daily;  drug  doses  were  adjusted  when  weight  loss  occurred. 
Bleedings  for  hematologic  and  biochemical  measurements  were 
carried  out  twenty-four  hours  after  delivery  of  the  third 
and  seventh  doses  and  on  Tuesdays  and  Fridays  thereafter  for 
twenty-one  additional  days.  The  bleeding  schedule  was  modified 
appropriately  for  critically  ill  animals  so  as  to  insure  ob- 
taining antemortem  specimens.  Hourly  surveillance  was  main- 
tained throughout  the  entire  day  during  the  period  of  drug 
delivery  and  for  forty-eight  hours  thereafter.  Moribund  mon- 
keys were  euthanized  by  overdosage  with  sodium  pentobarbital 
and  necropsied  immediately  thereafter  to  insure  acquisition 
of  tissues  free  from  autolytic  changes.  Selected  tissue 
specimens  were  fixed  in  Zenker-formalin.  embedded  in paraffi  n. 
sectioned  at  h microns,  and  stained  with  hematoxylin-eosin 
for  histopathologic  examination. 


★ 

The  hematologic  moieties  measured  included  ery th I'ocy tcs. 
hemoglobin,  hematocrit,  reticulocytes,  platelets,  total  leu- 
cocytes, neutrophils  (diverse  stages),  lymphocytes,  monocytes, 
basophils,  and  eosinophils.  The  chemical  moieties  included 
urea  nitrogen,  glucose,  total  protein,  albumin,  globulin, 
sodium,  potassium,  chlorides,  bilirubin,  methemoglob in.  SCOT, 
and  alkiline  phosphatase. 
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Table  44  lists  the  most  pcTtinent  findings  in  this 
study.  Before  summarizing  these,  a few  general  comments  may 
be  helpful.  The  spectrum  of  toxic  reactions  noted  in  recipi- 
ents of  primaquine,  WR-211,  536.  and  WR-ill,  537  was  essentially 
the  same.  Outward  reactions  to  administration  of  these  agents 
were  few.  Recipients  of  sublethal  doses  exhibited  some  loss 
of  appetite  and  a slight  weight  loss,  not  more  than  12  percent. 
Recipients  of  lethal  doses  exhibited  anorexia.  m£ilaise,  loss 
of  muscle  tone,  emesis,  jaundice,  accumulation  of  fluid  in  the 
abdominal  cavity,  and  coma.  There  were  no  symptoms  of  CNS 
irritation.  There  were  no  striking  alterations  in  the  formed 
elements  of  peripheral  blood.  Significant  alterations  in  bio- 
chemical elements  were  limited  to  those  listed  in  7'able  44. 
Necropsies  revealed  extensive  hepatic  pathology  (hepatomegaly, 
bright  yellow  discoloration,  and  focal  or  widespread  area.s  of 
necrosis).  Ascites  (up  to  60  ml  in  volume)  was  common.  Kidneys 
were  frequently  enlarged.  Lungs  were  often  edematous. 

The  data  in  Table  44  show  that  WR-211.  537  (L  isomer) 
was  significantly  more  toxic  for  the  rhesus  monkey  than  WR-211,53». 
(D  isomer).  The  difference  was  at  least  twofold  and  perhaps 
greater  when  based  on  the  total  dose  produccive  of  a lethal 
result.  Fatal  reactions  followed  delivery  of  84  mg  WR-211, 536 
per  kg  body  weight  and  between  18  and  42  mg  WR-211,  537  per  kg. 
Primaquine  evoked  fatal  reactions  at  a dose  between  36  and  84  mg 
per  kg  and  thus,  as  would  be  expected,  occupied  an  intermediary 
posi tion. 

The  three  right  colxomns  in  Table  44  show  that  each 
of  these  agents  produced  severe  alterations  in  hepatic  funct  Lon 
and  structure.  There  were  striking  and  progressive  increases 
in  GOT  activity  and  bilirubin  levels  of  serum  in  all  monkeys 

★ 

The  pretreatment  levels  of  GOT  in  the  sera  of  these  sub- 
jects ranged  from  23  to  38  units  per  liter  with  a median  of  30 
units.  The  pretreatment  concentrations  of  bilirubin  in  serum 
ranged  from  0.  1 to  0.  5 mg  per  cent  with  a median  of  0.  3 mg  per 
cent. 
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who  suC'Tumbed  to  the  test  agents.  There  were  no  changes 
in  these  elements  in  the  recipients  of  sublethal  doses  of 
WR-211,  536  and  WR-211,  537.  There  were  significant  (in  one 
case  striking)  but  reversible  increases  in  serum  GOT  activity 
and  bilirubin  concentrations  in  recipients  of  primaquine  at 
doses  of  6.  0 and  8.  0 mg  per  kg. 

On  the  basis  of  the  data  set  forth  above,  the 
conclusion  that  WR-211,  537  (L  isomer)  has  greater  subacute 
toxicity  for  the  rhesus  monkey  than  WR-211,  536  (D  isomer) 
is  inescapable.  Thus,  the  relations  between  acute  toxicity 
of  these  isomers  for  the  mouse  and  subacute  toxicity  for  the 
rhesus  monkey  are  reversed.  There  are  reasons  to  be  confident 
that  this  difference  is  real  -not  attributable  to  a mix-up  of 
compound.  In  the  first  place,  two  different  preparations  of 
WR-211,  537  gave  identical  results  in  the  rhesus  monkey.  Sec- 
ondly, assessments  in  this  laboratory  of  the  acute  toxicity  of 
one  of  these  lots  of  WR-211,  537  and  the  preparation  of  WR-211,  536 
gave  results  essentially  identical  with  those  obtained  in  the 
original  evaluation  of  mouse  toxicity  carried  out  elsewhere. 

There  is  obvious  need  for  studies  aimed  at  explaining 
the  differences  in  the  toxicities  of  WR-211,  536  and  WR-211,  537 
for  the  mouse  and  monkey.  More  important  than  this,  however, 
i s the  question  of  how  to  exploit  these  agents  which  have  diverse 
toxicities  and  identical  radical  curative  properties.  The  first 
step  would  probably  be  to  attempt  to  confirm  the  findings  on 
the  relative  subacute  toxicities  of  WR-211,  536  and  WR-211,  537 
for  the  rhesus  monkey  in  an  independent  laboratory  and  pursue 
similar  studies  on  the  subacute  toxicities  of  these  isomers 
for  the  dog.  If  both  investigations  show  that  WR-211,  536  is 
clearly  less  toxic  than  WR-211,  537,  evaluation  of  the  former 
agent  in  man  for  both  tolerability  and  efficacy  is  clearly 
indicated.  If  the  observations  in  the  rhesus  monkey  carry'-over 
toman,  a shift  from  primaquine  to  tlie  D isomer  could  be  expected 
to  produce  jL  least  a gain  in  tolerabi lity  of  conventional  doses 
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and  at  best  open  the  way  to  safe  administration  of  larger  than 
conventional  doses.  If  the  dog  and  monkey  toxicity  studies  do 
not  provide  clear  indications  of  the  greater  tolerability  of 
WR-211,  536,  it  might  be  well  to  defer  evaluation  of  this  isomer 
or  the  L form  in  human  volunteers. 
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b A PRELIMINARY  COMPARISON  OK  THE  SUBACUTE  TOXICITIES  OF 

I WR-ill.53t.  (D  ISOMER),  WR-311  537  (L  ISOMER).  AND 

I PRIMAQUINE  (D.  L MIXTURE)  FOR  THE  RHESUS  MONKEY 


* 

Daily  Dose 
Mg  Base/Kg 

Reactions 

to  Treatment 

Mmu 

No. 

Li  ver 

Cone. 

in  Serum** 

Body  Weight* 

Fate 

Pathology 

Gross 

SCOT 

Units 

Bilirubin 
Mg  Per  Cent 

Primaquine 

7 7 94 

4.  0 

Survived:  no  reaction  { 

n.  a. 

30 

0.  5 

P279 

6.  0 

Survived:  anorexia:  weight 
loss:  recovery  Day  10 
post-Rx 

n.  a. 

1050 

2.  7 

7827 

8.  0 

Survived:  anorexia,-  weight 
loss:  recovefy  Day  14 
post-Rx 

n.  a. 

84 

1.  1 

[ 7974 

8.  0 

Survived:  anorexia;  weight 
loss:  recovery  Day  11 
post-Rx 

n.  a. 

6 4 

0.  7 

1 8193 

12.  0 

Died  60  hours  after  Dose  7 

+ 

1320 

11.  3 

7 998 

12.  0 

Died  11  hours  after  Dose  7 

+ 

980 

5.  7 

7 97  5 

12.  0 

Died  26  hours  after  Dose  3 

+ 

390 

3.  9 

7943 

12.  0 

Died  24  hours  after  Dose  3 

+ 

500 

2.  7 

7 7 98 

18.  0 

Died  42  hours  after  Dose  3 

+ 

380 

3.  0 

WR-211,  536  (D  isomer) 
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XVII,  PRELIMINARY  ASSESSMENT  OF  THE  SUBACUTE  TONICITIES 
OF  WR-211,  532  AND  WR-211,  533  FOR  THE  RHESUS  MONKEY 

As  shown  in  Table  28  Section  IX,  WR-211,  532  [^2-methyl- 
5-  (4 -chlorophenoxy ) -6 -methoxy-8-  (4-ajnino-l-methylbutylamino)  - 
quinoline^  was  clearly  more  active  than  2-methyl  primaquine 
(WR-182,  234).  It  was  one  of  the  comparatively  small  group  of 
8-aminoquinolines  with  curative  activity  greater  than  that  of 
primaquine  and  comparable  to  that  of  WR-181,  023.  WR-211,  532 

was  also  at  least  three  times  as  active  as  the  closely  related 
WR-182,  232,  which  lacks  a methyl  substituent  at  position  2. 
These  interesting  structure  - radical  curative  activity  rela- 
tionships led  to  the  decision  to  make  a preliminary  assessment 
of  the  subacute  toxicity  of  WR-211, 532.  Unfortunately,  the 
amount  of  compound  available  for  this  study  was  extremely 
limited,  just  sufficient  for  administration  to  two  monkeys. 

WR-211,  533  [^2,4-dimethyl-6-methoxy-8-(3-diethylamino- 
propy lamino ) -c[uinolineJ  was  of  interest  for  several  reasons.  As 
shown  in  Table  28,  this  compound  had  curative  activity  equal  to 
that  of  primaquine  and  WR-192,  515,  the  2-methyl  derivative  of 
WR-181,  023.  Such  high  activity  was  remarkable  in  an  8-amino- 
quinoline  with  a terminal  tertiary  amino  group  in  the  side  chain. 
In  addition.  WR-211,  533  carried  the  diethylaminopropylamino  side 
chain  of  Plasmocid,  which  confers  a high  lev^el  of  neurotoxici ty 
on  all  6 -substituted  or  5, 6-substituted  8-aminoquinolines. 
WR-211.  533  did  not  exhibit  such  toxicity  at  the  doses  employed 
in  pi  lot  therapeutic  studies.  Studies  pursued  in  the  post-World 
War  II  period  showed  that  neurotoxicity  of  the  Plasmocid  type 
was  abolished  ny  substitution  of  a methyl  group  at  position  4. 
The  impacts  of  an  additional  subst i tuent  at  position  2 had  never 
been  investigated.  Together,  these  considerations  led  to  the 
decision  to  undertake  a preliminary  study  of  the  subacute  tox- 
icity of  WR-211.  533  for  the  rhesus  monkey.  As  with  WR-211.  532. 
the  supply  of  WR-211, 533  on  hand  at  the  time  of  this  decision 
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was  just  sufficient  for  work  on  two  monkeys.  Approximately  a 
year  later,  an  additional  quantity  was  made  available  for 
extension  of  the  toxicity  evaluation. 

The  procedures  employed  for  assessing  the  toxicities 
of  WR-211.  532  and  WR-211,  533  were  identical  with  those  used  in 
evaluating  thti  toxicities  of  the  D and  L isomers  of  primaquine 
(cf  Section  X\^I)  and  will  not  be  repeated  here.  The  results  of 
the  evaluations  have  been  summarized  in  Table  45. 

The  observations  on  WR-211,  53  2 suggest  that  the  tox- 
icity of  this  compound  is  qualitatively  and  quantitatively  ver^' 
similar  to  that  of  primaquine  and  2-methyl  primaquine  (WR-182,  234). 
The  toxicity  of  WR-211,  532  is  clearly  less  than  the  toxicity  of 
WR-181,  023. 

The  data  obtained  on  WR-211,  533  indicate  that  this 
compound  has  but  one-half  or  possibly  one-third  the  toxicity 
of  primaquine.  They  also  show  that  qualitatively,  the  toxicity 
of  WR-211,  533  and  primaquine  are  similar,  primarily  referable 
to  hepatic  injury.  There  were  no  signs  of  neurotoxicity  among 
the  recipients  of  either  lethal  or  just  sublethal  doses  of 
WR-211,  533. 

Obviously,  these  preliminary  observations  need  to  be 
strengthened  substantially  before  making  final  judgments  as 
to  the  relative  toxicities  of  either  WR-211,  532  or  WR-211,  533. 
However,  such  toxicity  and  curative  activity  data  as  are  avail- 
able suggest  thcit  either  agent  has  a more  favorable  therapeutic 
index  than  primaquine  or  4-methyl  primaquine.  WR-211,  533  with 
its  terminal  tertiary  amino  group  in  the  side  chain  would  seem 
to  command  special  interest. 
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TABLE  4 5 


PRELIMINARY  ASSESSMENTS  OF  THE  SUBACUTE  TOXICITIES  OF 
WR-211,  532  AND  WR-211,  533  FOR  THE  RHESUS  MONKEY 


Daily  Dose 
Mg  Base/Kg 
Body  Weight 

Reactions 

to  Treatment 

Mmu 

1 

Liver 

Cone. 

in  Serum** 

No. 

Fate 

Pathology 

SCOT 

Bilirubin 

Gross 

- j 

Units 

Mg  Per  Cent 

WR-211,  532 


8149 

8371 

6.  0 

12.  0 

Survived:  weight  loss? 
recovery  Day  10  post-Rx 

Died  2 hours  after  Dose  5 

1 

n.  a, 
+ 

34 

1800 

1 __  _ 

0.  5 

1 2.  6 

WR-211,  533 

8237 

6.  0 

Survived:  no  reaction 

n.  a. 

41 

0.  4 

8354 

12.  0 

Survived:  no  reaction 

n.  a. 

53 

0.  4 

8671 

18.  0 

Survived:  anorexia;  weight 

1 

n.  a. 

n.  a. 

0.  7 

loss;  recovery  Day  14 

1 

post-Rx 

1 

8644 

24.  0 

Died  8 hours  after  Dose  5 

+ 

n,  a. 

4.  6 

j Dose  administered  once  daily  at  8:00  a.  m.  ; scheduled  number  of  doses  - 

I seven. 

I 

I Terminal  levels  in  fatal  cases?  peak  levels  during  or  post-treatment 

of  survivors. 
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COMPOUNDS  EVALUATED  FOR  RADICAL  CURATIVE  ACTIVITY:  PREPARATION 

(AS  IDENTIFIED  BY  BOTTLE  NUMBER)  AND  SALT  EMPLOYED 

IN  PILOT  STUDY 


Compound 
WR-  No. 

Bottle  No. 

Salt 

Reference 

Page 

Miscellaneous  Structures 

3,396 

ZC-07,  877 

_ 

111 

198,  559 

BC-57,  397 

di-p-resorcylate 

111 

198,  560 

BC-57,  404 

di-p -resorcylate 

111 

13,  255 

AL-27,  411 

- 

112 

219,  124 

BE-6  9,  119 

- 

112 

193,  713 

BC-41,  362 

pamoate 

112 

198,  782 

BC-58,  401 

sesqui-p -resorcylate 

112 

191,  994 

BE-13,  162 

- 

113 

7,  295 

BB-47, 961 

- 

113 

102,  796 

BC-78,  878 

- 

1 13 

218,  575 

BE-66,  958 

- 

113 

12,  921 

AG-16,  089 

dihydrochloride 

114 

205,  446 

BD-54,  211 

dihydroiodide 

114 

202,  833 

BD-26,  191 

dihydroiodide 

114 

182,  058 

ay-98,  947 

- 

114 

9,  792 

AE-07,  615 

hydrochloride 

115 

25,  981 

AG-7  4,  536 

- 

115 

31,  877 

ZC-03,799 

- 

115 

190,  830 

BD-29,  165 

dihydrochloride 

115 

158, 124 

BD-22,  997 

sesquihydrochloride 

116 

167,  655 

BC-99,  831 

- 

116 

124, 905 

BE-52,  436 

sodium 

116 

124, 892 

BE-18, 158 

116 

1, 5-Naphthyridines 


202,  927 

BD-26, 422 

118 

217, 125 

BE-67,  286 

di-p -resorcylate 

118 

202,  928 

BD-26, 413 

- 

118 

180,  411 

BD-95,  839 

di-p-resorcylate 

119 

206,  287 

BD-54,  748 

- 

1 19 

206,  283 

BD-54,  720 

p-resorcylate 

119 

210,  304 

BE-10, 858 

tri-p -resorcylate 

119 

210, 442 

BE-10,  830 

di-p-resorcylate 

120 

145,  023 

BD-53,  812 

hydrochloride 

120 

216,  010 

BE-17,  286 

di-p-resorcylate 

120 

J 


j 

1 
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Compound 
WR-  No. 

Bottle  No. 

Salt 

Reference 

Pago 

6 -Aminoquinolines 

219,  120 

BE-58,  652 

p -resorcylate 

122 

181,  614 

AY-97. 959 

di-p -resorcylate 

122 

203, 766 

BD-27, 983 

sesqui-p- resorcylate 

122 

218,  632 

BE-67,  071 

f umarate 

123 

217, 162 

BE -4  5,  048 

sesquifumarate 

123 

216, 686 

BE-19,  182 

di-p -resorcylate 

123 

204,  659 

BD-29,  405 

di-p -resorcylate 

123 

182,  146 

BD-26, 379 

dihydrochloride 

124 

Ni-147/36 

- 

naphthylene  disulfonate 

124 

215,  627 

BE-16,  672 

f umarate 

124 

182,  144 

BB-41,  732 

di-p -resorcylate 

124 

188,  438 

BB-45,  436 

di-p -resorcylate 

125 

199,  066 

BC-58,  830 

di-p -resorcylate 

125 

208,  060 

3D-4  5,  338 

- 

125 

199,  065 

BC-58,  803 

di-p -resorcylate 

125 

Ba-138/111 

naphthylene  disulfonate 

126 

182,  148 

W-99,  319 

- 

126 

190, 733 

BD-29,  254 

- 

126 

199,  063 

1 BC-58,  876 

— 

126 

7 -Aminoquinolines 


218, 336 

BE-66, 832 

diphosphate 

128 

213,  640 

BE-09,  999 

dinitrate 

128 

219,  008 

BE-58,  296 

trihydrochloride 

128 

218, 677 

BE-55,  811 

dinitrate 

129 

217,  270 

BE-50,  174 

triphosphate 

129 

207, 766 

BD-57,  47  2 

dinitrate 

129 

218, 948 

BE-57,  646 

triphosphate 

129 

8-Aminoquinolines 


199,  508 

BD-24, 044 

t r ihyd  rob  romi d e 

139 

29,  633 

BE-20,  989 

dihydroch loride 

139 

211,  664 

BE-21,  762 

diphosphate 

139 

2,  975 

- 

diphosphate 

140 

152,  149 

BK-66, 770 

phosphate 

]41 

186, 370 

DE-19,  075 

citrate 

141 

215,  730 

EE-16,  583 

- 

141 

161,  085 

AX-26,  820 

bis-1,  6 -naphthylene  disulfonate 

141 

180,  125 

AY-95,  455 

sesqui-p -resorcylate 

142 

197,  6 24 

BC-09,  453 

di-p -resorcylate 

14  2 

199,  981 

BD-23,  154 

di-p -resorcylate 

142 

29.  594 

1 BE-20,  014 

14  2 
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27,  7 57 

BE-20,  863 

dinitrate 

143 

214. 420 

BE-50,  012 

phosphate 

143 

29,  606 

BE-20,  229 

dihydrochloride 

143 

190,  285 

DB-47, 510 

di-p -resorcylate 

143 

193, 127 

BB-49,  416 

maleate 

144 

29,  616 

BE-21,  744 

dihydro chloride 

144 

181,  441 

AY-97,  600  1 

dihydrochloride 

144 

187, 427 

BB-44,  779  ! 

- 

144 

187, 428 

BB-44,  788 

- 

145 

185,  306 

BB-42,  060 

- 

145 

7,  312 

BB-47,  761 

dihydrochloride 

145 

29,  634 

BE-12,  950 

dihydrobromide 

145 

184, 544 

BE-20,  265 

triphosphate 

146 

212,  231 

BE-20,  201  ] 

dihydrobromide 

146 

182,  234 

BC-58,  572 

dihydrochloride 

146 

213,  472 

BE-13, 948 

fumarate 

147 

218,  669 

BE-55,  795 

maleate 

147 

211,  077 

BE-11,  971 

phosphate 

147 

121,  508 

BE-11,  121 

dihydrobromide 

147 

106,  147 

AY- 97, 897 

dihydrochloride 

148 

205,  438 

BD-5  1,  202 

maleate 

148 

217, 154 

1 BE-67,  204 

maleate 

148 

217,  124 

BE-43,759 

maleate 

148 

202,  790 

BD-26, 217 

maleate 

149 

205,  439 

BD-54,  195 

maleate 

149 

183, 533 

BB-41,  885 

diphosphate 

149 

212,  216 

BD-99,  103 

maleate 

149 

216, 893 

BE-19,  477 

maleate 

150 

199,  368 

BC-59,  284 

maleate 

150 

183, 064 

BB-41,  894 

hydrochloride 

150 

217,  038 

BE-19,  584 

diphosphate 

150 

211,  814 

BE-08,  518 

diphosphate 

151 

211,  815 

BE-08, 527 

diphosphate 

151 

211,  820 

BE-21, 593 

citrate 

151 

206, 027 

BE-20,  194 

dihydrochloride 

152 

147, 778 

1 BB-18,  448 

diphosphate 

152 

136,  479 

BE-21,  575 

diphosphate 

152 

181,  023 

BC-57, 244 

diphosphate 

153 

215,  761 

; BE-16, 967 

diphosphate 

154 

215,  296 

BE-16, 378 

citrate 

154 

217, 159 

BE-67.  222 

ci trate 

154 

215,  300 

BE-16, 243 

fumarate 

155 

208,  442 

BD-67,981 

dihydrobromide 

155 

211,  663 

BE-12,  825 

fumarate 

155 

218,  806 

BE-5'’,  315 

fumarate 

155 
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Z18, 

636 

BR- 

-67, 

133 

218. 

805 

BE- 

-57, 

324 

218, 

574 

BE- 

-66 , 

985 

216. 

837 

BE- 

-19, 

306 

214. 

198 

BE- 

-13, 

082 

217, 

271 

BE- 

-50, 

183 

208, 

557 

BD- 

-45, 

267 

209, 

785 

BE- 

-10, 

090 

208, 

814 

BD- 

-59, 

074 

214, 

703 

BE- 

-15, 

040 

209, 

522 

BD- 

-59, 

967 

209, 

521 

BD- 

59, 

985 

211, 

97  5 

BE- 

-12. 

996 

189, 

279 

BB- 

-16, 

540 

199, 

7 93 

BC- 

-99. 

939 

212, 

293 

1 BD- 

-99, 

90'’ 

218, 

573 

BE- 

-6  0 , 

994 

212, 

302 

BD- 

-99, 

943 

201, 

678 

BE- 

-13. 

304 

212, 

624 

BE- 

-13. 

822 

212, 

57  9 

BE- 

-13. 

313 

218, 

335 

BE- 

-6  6 , 

930 

6, 

028 

BE- 

-20, 

032 

6, 

027 

BE- 

-20, 

112 

202, 

437 

BD- 

-26, 

16  4 

203, 

6 07 

BD- 

-27, 

652 

203, 

608 

BD- 

-27, 

661 

211, 

208 

BE- 

-20, 

005 

211, 

665 

BE- 

-20, 

56  9 

147. 

657 

BE- 

-20, 

023 

214, 

787 

BE- 

-15, 

451 

202, 

438 

BD- 

-26, 

155 

211. 

816 

BE- 

-20, 

630 

21.i. 

223 

BE- 

-20, 

121 

’ -»9, 

507 

BD- 

-24, 

06  2 

19  1. 

333 

BC- 

-06, 

587 

• 1 

07  3 

BD- 

-23, 

16  3 

‘*90 

BC- 

-60, 

018 

> 7fi 

EE- 

-55, 

820 

1 1 

i 1 ■ 

BE- 

-20. 

309 

3C- 

-99. 

911 

BE- 

-17. 

491 

” K - 

-It, 

378 

J ’. 

6 95 

f umarate 

fumarate 

fumarate 

fumarate 

dihydrochloride 

phosphate 

diphosphate 

succinate 

phosphate 

sesquiphosphate 

phosphate 

diphosphate 

phosphate 

phosphate 

phosphate 

phosphate 

diphosphate 

succinate 

diphosphate 

diphosphate 

fumarate 

diphosphate 

dihydrochloride 

dihydrochloride 

sesqui -p -resorcylate 

di-p -resorcylate 

di-p -resorcylate 

dihydrochloride 

dihydrochloride 

dihydrochloride 

dihydrochloride 

fumarate 

dihydrochloride 

dihydrochloride 

trihydrobromide 

oxalate 

oxalate 

diphosphate 

fumarate 

phosphate 

ci trate 
citrate 
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1 

208, 189 

1 

BD-45,  427  | 

_ 

171 

209,  845 

BE-IO,  223 

- 

171 

208, 441 

BD-57,  990 

- 

171 

211,  078 

BE-12,  012 

- 

172 

188,  304 

BB-45,  534 

diphosphate 

172 

207,  610 

BE-11,  631 

fumarate 

172 

194, 341 

BC-06, 443 

dimaleate 

172 

202,  789 

BD-26,  208 

maleate 

173 

49,  577 

BC-59,  702 

trihydrobromide 

173 

194,  343 

BC-06,  452 

maleate 

173 

181,  205 

AY-96,907 

tricitrate 

174 

189,  283 

BB-46, 568 

- 

174 

184,  852 

BB-41,  929 

- 

174 

215,  732 

BE-16,  627 

diphosphate 

175 

192,  515 

DC-58,  394 

sesqui-p-resorcylate 

175 

218,  334 

BE-66,  841 

phosphate 

175 

211,  990 

BD-99,  087 

dihydrochloride 

175 

193, 130 

BC-58, 910 

di -p - resorcy late 

176 

211,  533 

BE-12,  601 

diphosphate 

176 

197,  063 

BC-08,  705 

di-p -resorcy late 

176 

210,  810 

BE-11,  677 

fumarate 

177 

215,  733 

BE-17, 026 

fumarate 

177 

211,  532 

BE-12,  567 

fumarate 

178 

210,  805 

BE-11,  686 

fumarate 

178 

210, 550 

BE-11,  597 

dinitrate 

179 

210,  551 

BE-11,  588 

dinitrate 

179 

216, 804 

BE-19,  324 

diphosphate 

179 

218,  681 

BE-55,  937 

hemi fumarate 

179 

204,  510 

BD-28,  971 

hemifumarate 

180 

208,  071 

BD-45,  310 

fumarate 

180 

210, 448 

BE-11,  033 

fumarate 

180 
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